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ABSTRACT 


Amphicticeps shackelfordi and Amphicynodon teilhardi are two small carnivorans from the 
early Oligocene Hsanda Gol Formation of central Mongolia, and as basal arctoids (infraorder 
Arctoidea) in Asia, feature unique combinations of morphologies that offer insights into early 
diversification and zoogeography of the arctoids. Lack of adequate study of Amphicticeps and 
incomplete knowledge about Amphicynodon, however, prevented them from being figured in 
the discussions of arctoid relationships. New associated dental and cranial materials collected 
during recent expeditions in the 1990s substantially enrich our knowledge of the two genera 
and their stratigraphic positions, and serve as an impetus for a study of their phylogenetic 
relationships in the broad perspective of basal Arctoidea. 

Hsanda Gol arctoids are represented by six small- to medium-sized species: Amphicticeps 
shackelfordi Matthew and Granger 1924, A. dorog, n.sp., A. makhchinus, n.sp., Amphicynodon 
teilhardi Matthew and Granger 1924,? Cephalogale sp., and Pyctis inamatus Babbitt, 1999. 
The three species of Amphicticeps apparently form an endemic clade confined to central Asia, 
whose zoogeographic origin is currently unknown. Amphicynodon has a much higher diversity 
in Europe than in Asia, and phylogenetically the Asian A. teilhardi seems to be nested within 
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the European congeneric species, indicating an eastward dispersal for this group, linking the 
European ‘‘Grande Coupure”’ and the Asian ‘“‘Mongolian Reconstruction’”’ events. 

To avoid excessive homoplasies in crown groups, we attempted a phylogenetic reconstruc- 
tion based mostly on stem arctoids. Twenty genera of primitive arctoids occupying basal 
positions of nearly all major clades are selected for the analysis. The resulting tree, based on 
39 characters, approximates the initial divergence of the arctoids. The traditionally dichoto- 
mous Arctoidea, formed by sister clades Ursida and Mustelida, is recovered in our analysis. 
Mustelida is also largely dichotomous with mustelid-like forms on one side and procyonid- 
like forms on the other. Despite its rather hypercarnivorous dentition, Amphicticeps is found 
on the Ursida side of the arctoids, although support for such a topology is relatively weak. 
Amphicynodon is a stem taxon of the Ursida and is a sister to an ursid—pinniped clade. 


INTRODUCTION 


Among the intriguing discoveries made 
during the Central Asiatic Expeditions by the 
American Museum of Natural History in the 
1920s were several small carnivorans found 
in the rich deposits of Shand Gol (preferred 
spelling over ““Hsanda Gol” of most previ- 
ous literature) and Tatal Gol in the Mongo- 
lian People’s Republic. The initial discovery 
of fossiliferous localities near Shand Gol (fig. 
1) in 1922 led to a number of preliminary 
reports about a fauna that was almost entirely 
new to science (see Mellett, 1968, for a sum- 
mary). Amphicticeps shackelfordi Matthew 
and Granger 1924, a small badger-sized car- 
nivoran, was briefly reported as such and be- 
came part of a diverse Shand Gol “‘fauna’”’ 
that serves as a regional standard in the mid- 
Tertiary of continental east Asia (Russell and 
Zhai, 1987, and references within). 

At the time of its formal announcement, 
the holotype of Amphicticeps shackelfordi 
was the only specimen figured and briefly 
described, and was represented by a nearly 
complete skull (Matthew and Granger, 1924). 
It stood out as one of the best specimens 
among half a dozen small carnivorans ini- 
tially reported from the Shand Gol and Tatal 
Gol localities. Although several mandibles of 
Amphicticeps-sized individuals were collect- 
ed during the 1922 field season (additional 
materials were also collected in 1925), Mat- 
thew and Granger did not list the isolated jaw 
fragments, mentioning only the morphology 
of the lower carnassials, presumably partly 
because of a lack of a secure association of 
these mandibles with the holotype skull. 

This lack of association is now remedied, 
more than half a century later, by naturally 
associated upper and lower jaws of Amphic- 


ticeps shackelfordi found by the Mongolian 
Academy of Sciences and the American Mu- 
seum of Natural History joint expeditions 
(MAE) during the 1994 field season. The 
new MAE materials collected throughout the 
1990s complement in important ways the 
original holotype skull by filling in gaps in 
our knowledge of the upper and lower teeth 
missing in the holotype, furnish additional 
materials that indicate the existence of two 
more species, and help to resolve some long- 
standing problems that have plagued pale- 
ontologists for many years. 

Also among the newly collected materials 
are important additions to Amphicynodon teil- 
hardi Matthew and Granger 1924, another 
basal arctoid that has a phylogenetic affinity 
with some congeneric species from European 
early Oligocene fissure fills in the Quercy re- 
gion of France. A. teilhardi was originally 
based on a lower jaw fragment with m1—2, 
and our new materials combine to include 
much of the skull and lower jaw. With such 
improved knowledge about the anatomy of 
Amphicticeps and Amphicynodon, along with 
better documentation of the locality and strati- 
graphic data by the MAE field parties, a sub- 
stantial contribution is now possible to resolve 
some long-standing systematic issues. 

Matthew and Granger (1924: 4) consid- 
ered Amphicticeps so out of place in the then 
existing understanding of primitive carnivor- 
ans that they originally regarded it as “‘a 
highly progressive miacid”’ rather than be- 
longing to any existing family of carnivor- 
ans. Its puzzling array of mixed dental and 
basicranial morphology seems to suggest to 
recent authors (Schmidt-Kittler, 1981; Wol- 
san, 1993; Hunt, 1996b; Wang and Qiu, 
2003a) a relationship of either musteloids or 
ursoids, two major clades of carnivorans that 
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Map of early Oligocene localities (solid circles) of basal arctoids in Mongolian People’s 


Republic and People’s Republic of China. Map locations of fossil localities are based on Russell and 
Zhai (1987). Amphicticeps and Amphicynodon were reported from the Khatan-Khayrkhan locality in the 
Altai region of western Mongolia (Russell and Zhai, 1987: 324). However, no description of the materials 
was given and their occurrence in this locality needs to be confirmed. 


include all living families of Arctoidea (Ur- 
sidae, Procyonidae, Mustelidae, Ailuridae, 
plus the Phocoidea [= Pinnipedia] clade). 
With its occurrence in the early Oligocene, a 
critical period of time when some European 
basal arctoids began to make their first ap- 
pearance, Amphicticeps seems to have fallen 
somewhere in the initial diversification of the 
arctoids and is thus relevant in discussions of 
higher level relationships of the Arctoidea. 
However, despite an exceptionally pre- 
served holotype skull, Amphicticeps has not 
received more than a cursory mention or a 
few speculative remarks. A detailed descrip- 
tion of its basicranial morphology, a region 


that features key anatomical innovations in 
various families of the Arctoidea (e.g., Hunt, 
1974, 1977; Schmidt-Kittler, 1981; Cirot and 
Bonis, 1993; Wolsan, 1993; Wang, 1997), is 
still not available. With the new materials 
and revised stratigraphic framework in hand, 
the time has come to address the various is- 
sues outlined above. We aim to accomplish 
the following three objectives in this contri- 
bution: (1) to restudy the holotypes and to 
describe new materials of Amphicticeps 
Shackelfordi and Amphicynodon teilhardi; 
(2) to place on record two new species of 
Amphicticeps from the Hsanda Gol Forma- 
tion, as well as more fragmentary materials 
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of uncertain taxonomy; and (3) to conduct a 
phylogenetic analysis of the arctoids from 
Hsanda Gol Formation in relation to major 
clades of Arctoidea. 
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MATERIALS AND METHODS 


Hsanda Gol materials collected during the 
American Museum Central Asiatic Expedi- 
tion in the 1922 and 1925 seasons form an 
important basis of the present study. The So- 
viet Academy of Sciences 1946-1949 Ex- 
peditions obtained a significant collection of 
small carnivorans, particularly Amphicyno- 
don (Janovskaja, 1970), housed in the PIN. 
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Although we did not have full access to the 
PIN materials, casts of key specimens are 
available to us. The Polish—-Mongolian Pa- 
leontological Expeditions in the 1960s also 
amassed a collection in Warsaw. Carnivores 
from the ZPAL collection were described by 
Lange-Badré and Dashzeveg (1989: 141), 
and only a few jaw fragments were relevant 
in the present study. New materials collected 
by the Mongolian Academy of Sciences and 
the American Museum of Natural History 
joint expeditions (MAE) add substantially to 
various anatomic components to be described 
below, and also furnish a modern stratigraph- 
ic context. In 1995-1997, a joint Austrian— 
Mongolian team also made a collection in the 
nearby Taatsiin (Tats) Gol area, particularly 
by screen washing for small mammals 
(Daxner-Hoéck et al., 1997; Daxner-Hock, 
2000, 2001; Erbajeva and Daxner-Héck, 
2001; Daxner-Hoéck and Wu, 2003) but large 
mammals were also collected (Vislobokova 
and Daxner-Hoéck, 2002). The carnivore ma- 
terials are currently being studied by Nagel 
and Morlo (2001, 2003), who have kindly 
supplied us with two casts. Various groups 
of mammals from the new MAE collection 
are under study by specialists, a few of which 
have been published (Bryant and McKenna, 
1995; Kellner and McKenna, 1996; Babbitt, 
1999; Wang, 2001; Geisler, 2004). 

The following specimens of North Amer- 
ican primitive musteloids, referred to as Oli- 
gobuninae (Baskin, 1998a), are examined in 
this study: Oligobunis crassivultus: AMNH 
6903, 6906, Turtle Cove Member of John 
Day Formation, early Arikareean; Promartes 
cf. olcotti: F:AM 27584, 27587, 27589, 
Marsland Formation, early Hemingfordian; 
Zodiolestes daimonelixensis: F:AM 27598, 
27599, 27600, Harrison Formation, late Ari- 
kareean; Megalictis ferox: F:AM 25430, 
Marsland Formation, early Hemingfordian; 
AMNH 12880, upper part of Rosebud For- 
mation, late Arikareean. 

For European primitive musteloids, Wol- 
san’s (1993) character matrix forms the prin- 
cipal database for comparison. Where pos- 
sible, his observations are checked against 
casts or actual specimens of the following 
taxa available in the AMNH collection and 
elsewhere: Simocyon primigenius: IVPP 
V12162; Pseudobassaris riggsi: YPM-PU 
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11455; Mustelavus priscus: AMNH 129168, 
YPM-PU 13775; Broiliana nobilis: BSP 
1937 If 13524 (cast); Stromeriella franconi- 
ca: BSP 1937 II 13533 (cast); Potamother- 
ium valletoni: AMNH 11003, AMNH 22520, 
and uncataloged basicranial materials from 
NMB. For most of the skull and dental char- 
acters, Wolsan’s observations can also be 
verified by published descriptions: Simocyon 
primigenius in Beaumont (1964) and person- 
al observations; Angustictis (Plesictis mayri) 
in Dehm (1950); Bavarictis gaimersheimen- 
sis in Médden (1991); Franconictis (Plesictis 
humilidens) in Dehm (1950); Mustelictis piv- 
eteaui in Lange-Badré (1970); Mustelictis 
olivieri in Bonis (1997); Plesictis genettoides 
in Helbing (1930) and Dehm (1950); Para- 
gale huerzeleri in Petter (1967); Plesiogale 
angustifrons in de Beaumont (1968b) and 
Helbing (1930). Basicranial morphologies of 
some of these musteloids are gleaned from 
works by de Beaumont (1968a), Schmidt- 
Kittler (1981), Cirot and de Bonis (1993), 
and Wolsan (1993), as well as from direct 
observations of the above specimens in the 
AMNH. A recent acquisition of a nearly 
complete skull of Mustelavus in the AMNH 
(still undescribed), complemented by earlier 
descriptions of its holotype (Scott and Jep- 
sen, 1936; Clark, 1937), permits the inclu- 
sion of this primitive, presumably very basal 
musteloid in our analysis. A basal leptarctine 
mustelid, Kinometaxia, was recently found in 
the early Miocene Tabenbuluk area (Wang 
and Qiu, 2003b; Wang et al., 2004) and its 
inclusion in this analysis permits a better 
sense of the Mustelinae clade. 

Relationships of basal ursoids have not 
been worked out in detail. We use Cephalo- 
gale as a basal form of the Ursidae (e.g., 
Beaumont, 1965; Ginsburg and Morales, 
1995; Hunt, 1998c), and we examined the 
primitive species C. minor based on the re- 
cent FSP collection from the Pech du Fraysse 
locality of the Quercy district in late Oligo- 
cene (Paleogene biochronological level MP 
28). A loosely defined Amphicynodontidae 
has been in circulation as a primitive group 
of ursoids that may have given rise to pin- 
nipeds (Tedford et al., 1994; Baskin and Ted- 
ford, 1996; Hunt, 1996b, 1998c; Wang and 
Qiu, 2003a), and it generally includes Am- 
Phicynodon, Pachycynodon, and Allocyon. 
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We rely on Cirot (1992) for a recent synthe- 
sis on Amphicynodon, supplemented by our 
own personal observations of the new FSP 
collection of specimens of this genus, partic- 
ularly the well-preserved cranial and dental 
materials (FSP ITD 876, 312, 60, 569, 356) 
of A. leptorhynchus from Itardies, as well as 
our own casts of some critical specimens. We 
were able to study a nearly complete skull of 
Pachycynodon boriei in the FSP (uncata- 
loged) collection and a right jaw (NMB QB 
357). We also have access to casts of two 
mandibles of P. filholi (NMB QB 268 and 
451). We examined UCMP 24106, holotype 
and only specimen of Allocyon loganensis. 


STRATIGRAPHIC FRAMEWORKS 


Little distinction was made in the strati- 
graphic relationships of the historical AMNH 
localities when the geology was being worked 
out by C. P. Berkey and colleagues. Nor was 
this a major concern at a time when the pri- 
mary objective was to secure the best possible 
mammalian fossil collections. The concept of 
the Hsanda Gol Formation was originally pro- 
posed by Berkey and Granger (1923; more 
elaborated in Berkey and Morris, 1927) to en- 
compass strata with Oligocene fossil mam- 
mals, but also included rocks as old as Cre- 
taceous due to erroneous extrapolations of 
field geology. The Hsanda Gol Formation is 
now known to overlie the Eocene Kholobol- 
chi and Elegen formations (Tsagaan Ovoo 
Formation of Hock et al., 1999) and underlie 
the Oligocene/Miocene Loh Formation (Mc- 
Kenna, 1995; Hock et al., 1999). 

A complete revision of the biostratigraphy 
and chronology of the Shand Gol and Tatal 
Gol areas is underway (McKenna, 1995; Mc- 
Kenna et al., MS). Relocation of classic lo- 
calities and improvements in the documenta- 
tions of new collections help to establish a 
new stratigraphic framework. The importance 
of this contextual information becomes more 
apparent in light of revelations that more than 
one fossil-bearing horizon can be recognized 
(see also Hock et al., 1999), in contrast to the 
traditional practice of lumping all specimens 
from near Shand Gol and Tatal Gol as rep- 
resenting a single assemblage (Mellett, 1968). 

Within the newly defined Hsanda Gol For- 
mation, the reddish brown mudstones are di- 
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vided by a prominent basaltic lava into lith- 
ologically recognizable upper and lower 
parts. The lower Tatal Member includes sed- 
iments below the lava whereas the upper 
Shand Member includes strata above it 
(Dashzeveg, 1996). Faunally, two units can 
be differentiated, in contrast to the traditional 
assumption of a single faunal assemblage in 
the Hsanda Gol Formation, but the two fau- 
nal units do not exactly correspond to the 
two lithological members separated by the 
lava. Fossils from beneath the lava and those 
a few meters above it belong to the Ulaan 
Khongil fauna characterized by rodents such 
as Cricetops dormitor, Karakoromys, and Se- 
lenomys, whereas above it is the Zavlia fau- 
na, which is characterized by Yindirtemys 
and Tachyoryctoides (McKenna, 1995). This 
scheme roughly corresponds to the rodent 
Biozones A and B of Héck et al. (1999: fig. 
22), although their Biozone B extends to the 
top of the lava and their Hsanda Gol/Loh for- 
mation boundary is postulated to be time 
transgressive. 

Absolute age for the lower of the two 
Hsanda Gol faunal levels is constrained by 
radioisotopic dates of the basaltic lava within 
the Hsanda Gol Formation. The lava yielded 
a whole-rock potassium—argon date of 31.2— 
32.0 Ma (Evernden et al., 1964: 193), which 
after correction (see Dalrymple, 1979), 
would be 32.0—32.8 Ma. Slightly younger 
dates of 28 + 1.1 and 30 + 1.1 Ma have 
been obtained by Gabuniya and Rubinshtein 
(1975). Most recently, Hock et al. (1999) ob- 
tained an *°Ar/*?Ar age of around 31.5 Ma 
(with a range of 30.4—32.1 Ma) for their Ba- 
salt I within the Hsanda Gol Formation, and 
around 28 Ma (with a range of 27—29 Ma) 
for their Basalt II near the bottom of the 
overlying Loh Formation. 

Following a recent shift of the terrestrial 
Eocene-Oligocene boundary in North Amer- 
ica (Swisher and Prothero, 1990; Prothero 
and Swisher, 1992) and elsewhere in the 
world, Ducrocq’s (1993) analysis of Paleo- 
gene Asian faunal turnover and Hunt and 
Tedford’s (1993) study of fossil carnivorans 
suggest that the composite Hsanda Gol fau- 
nas correspond to the Early Oligocene in- 
stead of Middle Oligocene as traditionally 
recognized (e.g., Mellett, 1968; Kowalski, 
1974; Li and Ting, 1983; Russell and Zhai, 
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1987; Lange-Badré and Dashzeveg, 1989; 
Wang, 1992). A broader faunal analysis by 
Meng and McKenna (1998) further proposed 
the existence of a “‘Mongolian Remodeling” 
corresponding to the European ‘‘Grande 
Coupure’’, although whether this is linked to 
climatic change is still being debated (e.g., 
Tsubamoto et al., 2004). Such a downwardly 
shifted chronological framework is consis- 
tent with the above radiometric dates and 
with the new North American Eocene—Oli- 
gocene boundary between the Chadronian 
and Orellan. The Orellan land mammal age 
was correlated by Mellett (1968) to the com- 
posite fauna collected from the Hsanda Gol 
Formation. In terms of the European conti- 
nental stratigraphic framework, small carni- 
vorans from the Hsanda Gol Formation, such 
as Amphicynodon, Palaeogale, Stenoplesic- 
tis, and so forth, are comparable to those in 
the early part of the Rupelian after the 
Grande Coupure event in MP21 (Schmidt- 
Kittler, 1989; Berggren et al., 1992; Lévéque, 
1993), 

The name Shand Gol is the preferred spell- 
ing over “‘Hsanda Gol” in much of the pre- 
vious literature for a geographic feature. In 
the text below, we use Hsanda Gol Forma- 
tion for formal reference to an established 
geologic unit, but use Shand Gol to refer to 
the geographic area in the vicinity of the 
Shand Gol drainage. Our usage of the Hsan- 
da Gol area or Hsanda Gol carnivorans refers 
to the larger area that includes Shand Gol 
and Tatal Gol, as well as other localities in 
the Hsanda Gol Formation. 


SYSTEMATIC PALEONTOLOGY 
ORDER CARNIVORA BOWDICH, 1821 
SUBORDER CANIFORMIA KRETZOI, 1943 
INFRAORDER ARCTOIDEA FLOWER, 1869 
PARVORDER URSIDA TEDFORD, 1976 


SUPERFAMILY URSOIDEA FISCHER DE 
WALDHEM, 1817 


Amphicticeps Matthew and Granger, 1924 


TYPE SPECIES: Amphicticeps shackelfordi 
Matthew and Granger, 1924. 

INCLUDED SPECIES: Amphicticeps shackel- 
fordi Matthew and Granger 1924, A. dorog, 
n.sp., and A. makhchinus, n.sp. 
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EMENDED DIAGNOSIS: Amphicticeps pos- 
sesses the following derived characters that 
distinguish it from basal ursoids and muste- 
loids such as Amphicynodon, Pachycynodon, 
Cephalogale, Mustelavus, Amphictis, Bavar- 
ictis, Pseudobassaris, Mustelictis, and Bro- 
iliana: broad and short rostrum, short infra- 
orbital canal, enlarged M1 parastyle, small 
angle between labial borders of P4 and M1, 
reduced and lingually positioned M2, re- 
duced m2, and extremely reduced or lost m3. 
It is primitive compared to Kinometaxia, 
Paragale, Plesiogale, and other mustelids in 
its possession of a carnassial notch on P4 and 
a shallow suprameatal fossa. In contrast to 
the North American oligobunines, Amphic- 
ticeps possesses a postprotocrista on the M1, 
lacks of a lingual notch on the m1 entoconid 
crest, and has reduced M2 and m2. 

DISTRIBUTION AND AGE: Hsanda Gol For- 
mation, Tsagan Nor Basin, eastern Valley of 
Lakes, central Mongolian People’s Republic. 
Early Oligocene (see more comments in Ge- 
ology and Age under Amphicticeps shackel- 
fordi). 

COMMENTS: Ever since its original descrip- 
tion, Amphicticeps shackelfordi has remained 
something of an enigma in its phylogenetic 
relationships. Offering no formal classifica- 
tion, Matthew and Granger (1924: 4) initially 
remarked that “it has the sharply reduced 
post-carnassial dentition of [stenoplesictoids] 
with the short, heavy precarnassial dentition 
of [cynodontoids]. It is not close to any one 
genus with which I [sic] have made compar- 
isons and might be regarded as a highly pro- 
gressive miacid rather than as a member of 
any of the existing families of fissiped Car- 
nivora.”’ Subsequent classifications also re- 
flect this ambiguity; Simpson (1945: 110 and 
115) listed it under both **?Amphicynodon- 
tinae incertae sedis’’ and ‘*?Stenoplesictinae 
incertae sedis’’®, whereas Piveteau (1961: 
721) considered it as incertae sedis but com- 
pared it to Cynodon (= Amphicynodon). 
Without suggesting a taxonomic position for 
the genus, Bonis (1971) commented on its 
‘parallel’? resemblance to Harpagophagus, a 
genus based on a single left M1 and thought 
to be an amphicyonid. 

In the first substantial discussion of Am- 
Phicticeps since its original description, 
Schmidt-Kittler (1981) pointed out the fun- 
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damentally arctoid basicranium of Amphic- 
ticeps and its musteloid-like molar reduction 
(transversely elongated M1) and short ros- 
trum. However, he did not consider it a mus- 
teloid because of its shallow suprameatal fos- 
sa, a character especially emphasized in his 
analysis of musteloid phylogeny. The form 
of its M1 seemed to him to be another ob- 
stacle to recognizing it as a musteloid. Spe- 
cifically, he regarded the somewhat swollen 
buccal border and a “‘knoblike”’ (hdckerar- 
tige) lingual cingulum of the M1 as atypical 
of a musteloid. He therefore regarded Am- 
Phicticeps as a “‘basal arctoid”’ prior to the 
emergence of the musteloid clade. Wolsan 
(1993) compared its lingually located M2 
with those of Potamotherium, but did not 
draw definite conclusions. Hunt (1996b, 
1998c) suggested that Amphicticeps may be 
an amphicynodontid possibly ancestral to the 
North American Allocyon and Kolponomos, 
a suggestion that was followed by Wang and 
Qiu (2003a). 

Among the small carnivorans from the 
Hsanda Gol Formation, Amphicynodon teil- 
hardi (Matthew and Granger, 1924), founded 
on a few jaw fragments (see description be- 
low), is the only similar-sized arctoid that 
may potentially be confused with Amphicti- 
ceps (other Hsanda Gol carnivorans, such as 
Stenoplesictis, Palaeogale, and Viverravus, 
are easily distinguished on the basis of their 
far more trenchant carnassials that are typical 
of feliforms; Hunt, 1998b). With the benefit 
of the more complete materials for both Am- 
DPhicticeps and Amphicynodon, these two 
primitive Shand Gol arctoids are contrasted 
in table 1 to facilitate identification. 


Amphicticeps shackelfordi Matthew and 
Granger, 1924 
Figures 2—7; Tables 2—4 


HOoLoTyPE: AMNH 19010, nearly com- 
plete skull with left and right P1—2, P4—M1, 
and alveoli of left and right C1, P3, and M2 
(Matthew and Granger, 1924: figs. 4—5). 

Type LocA.Litry: Originally designated as 
from ‘‘Hsanda Gol formation, Loh’’ (Mat- 
thew and Granger, 1924: 4), AMNH 19010 
(field no. 89) was collected from about 2 mi 
southwest of the Loh campsite, in Tsagan 
Nor Basin, eastern Valley of Lakes, Obor- 
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TABLE 1 
Contrast of Two Genera of Small Primitive Arctoids in the Hsanda Gol Formation 


Amphicynodon 


Amphicticeps 


Rostrum not shortened shortened 
Rostrum narrow broad 
Distance from postorbital processes 

to postorbital constriction short long 
Cl slender long 
M1 parastyle reduced robust 
M2 labially positioned enlarged 
Lower premolars slender lingually positioned 
ml hypoconid low crowned high crowned 
m1 talonid basin crenulated not crenulated 
m2 protoconid/metaconid widely separated closely spaced 
m3 always present vestigial/absent 


Khangay Province, in north-central Mongo- 
lia. 

REFERRED SPECIMENS: AMNH 19017, par- 
tial left ramus with p2—m1 and alveoli of cl— 
pl and m2, field no. 69, from Loh; AMNH 
19127, partial right ramus with p3, ml, and 
alveoli of cl—p2, p4, and m2, field no. 84, 
from Loh; AMNH 19128, right ramal frag- 
ment with m1 and alveoli of cl—p4 and m2, 
field no. 92, from 2 mi southwest of Loh; 
AMNH 21695, left ramal fragment with m1 
and alveoli of cl—p4, field no. 536, from 2 
mi west of the ““Grand Canyon”’ area, which 
is 10 mi west of Loh; AMNH 83610, left 
ramal fragment with p4—m2 and m3 alveo- 
lus, field no. 531, ““Grand Canyon”; AMNH 
81336, left ramal fragment with m2 and m3 
alveolus; AMNH 85749, right ramal frag- 
ment with m2-—3, field no. 548; MAE 
BU.91.9187-90 (AMNH cast 129686), par- 
tial rostrum with right alveoli of C1—P2, right 
P3—M2, and left P3—M1, partial mandible 
with left p2, p4—m2, and alveoli of cl—pl 
and p3, and right pl—m2 and root of m3, 
collected by Perlé Altangerel in 1994, field 
no. M-152, from 2 mi southwest of Loh; 
MAE SG.95.7518, right ramal fragment with 
p2, p4, and m1 (broken); MAE SG.95.8919, 
posterior skull fragments with top of the in- 
ion and left basicranial region, 45°17'49"N 
101°37'13”E, collected by Khosbayar on 10 
August 1995; and MAE M-217, isolated left 
m1, field no. M-217, from 2 mi southwest of 
Loh. 

DISTRIBUTION: Early Oligocene of north- 
central Mongolia. An undescribed record was 


mentioned in the early Oligocene Khatan- 
Khayrkhan locality of Altai Province of 
Mongolia by Russell and Zhai (1987: 324). 

GEOLOGY AND AGE: The above referred 
specimens of Amphicticeps shackelfordi 
come from three localities (some specimens 
lack a detailed locality record): (1) general 
vicinity of Loh for AMNH 19017 and 19127; 
(2) 2 mi southwest of Loh for AMNH 19010, 
AMNH 19128, MAE BU.91.9187-—90, and 
MAE M-217; (3) general vicinity or 2 mi 
west of the Ulaan Khongil (“‘Grand Canyon” 
or Tatal Gol) for AMNH 21695 and 83610. 

While field studies are currently pursued 
by the on-going joint expeditions of the 
MAE and formal stratigraphic revisions will 
have to wait for that result (see Héck et al., 
1999, for a recent summary), it is relevant to 
note here that the above three Amphicticeps- 
producing localities fall within a more re- 
stricted concept of the Hsanda Gol Forma- 
tion close to the level of a discontinuous but 
approximately contemporary basaltic lava 
(Basalt I of Héck et al., 1999). 

Historic collections are largely concentrat- 
ed in the Ulaan Khongil fauna in the lower 
part of the Hsanda Gol Formation below the 
prominent basaltic lava and immediately 
above. Amphicticeps specimens from near 
the Loh campsite and 2 mi southwest of Loh 
(including the holotype) are darkly stained 
due to the percolation of ground water, and 
they all belong to the Ulaan Khongil fauna. 
AMNH 21695 and 83610 from near the 
**“Grand Canyon”’ area, on the other hand, are 
light-colored and may belong to the Zavlia 
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Fig. 2. Skull of Amphicticeps shackelfordi, AMNH 19010, holotype. A, lateral, B, ventral, and C, 
dorsal views. Scale = 20 mm. 
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Fig.3: 


fauna in the upper part of the Hsanda Gol 
Formation above the lava. This presumed 
younger age of AMNH 21695 and 83610 rel- 
ative to the rest of the A. shackelfordi hy- 
podigm is also consistent with the former’s 
wider ml and more prominent lingual cin- 
gulum on the m1 trigonid, tendencies that in- 
dicate a slightly more advanced stage of evo- 
lution for the species. 

EMENDED DIAGNOSIS: Amphicticeps shack- 
elfordi is distinguishable from the more de- 
rived A. makhchinus and A. dorog by its 
smaller size, smaller angle between the labial 
borders of P4 and M1, more enlarged M1 
parastyle, larger M1 metaconule, more re- 
duced anterior cingulum of M1, and more 
lingually located M2. In addition, the P4 pro- 
tocone of A. shackelfordi is larger than in A. 
dorog, but is less well developed than in A. 
makhchinus. 

DESCRIPTION: Matthew and Granger’s 
(1924) original report of Amphicticeps shack- 
elfordi consisted of a brief diagnosis only. A 
full description is furnished here for the ho- 
lotype and the newly referred materials. 

Skull (figs. 2—4): The holotype, AMNH 
19010, is still the only nearly complete skull 
available, although additional referred cranial 
fragments supplement the holotype in a num- 
ber of important ways. Its rostral part is 
slightly crushed, such that the left cheek re- 
gion is uplifted by approximately 3 mm. The 
reconstructed skull illustrated by Matthew 


Partial skull of Amphicticeps shackelfordi, referred specimen, MAE BU.91.9187-—90. A, lat- 
eral and B, dorsal views. Scale = 10 mm. 


and Granger (1924: fig. 5) is mostly accurate 
in overall proportions except for a more pos- 
teriorly displaced mastoid process (relative to 
the nuchal crest) in the dorsal view. 

For a small carnivoran, the skull is rather 
strongly built, with a short and broad ros- 
trum. The incisor-bearing part of the premax- 
illary is broken off and only the posterior 
processes of the premaxillary between the 
nasal and maxillary are preserved; they ex- 
tend slightly behind the level of the P2. The 
posterior tip of the nasal reaches nearly to 
the level of the postorbital process of the 
frontal. In keeping with the broad snout, the 
frontal shield is also wide, that is, there is a 
long distance between upper rims of the or- 
bits. There is a small fossa above the antor- 
bital rim on the frontal/maxillary suture, for 
the insertion of the levator nasolabialis, and 
this fossa is more prominent on the right side 
of the holotype. The postorbital process of 
the frontal is small but rather sharply point- 
ed; that on MAE BU.91.9187—90 is more re- 
duced. The distance between the postorbital 
constriction and the postorbital process is rel- 
atively elongated (the postorbital constriction 
is disjointed in the type but enough is pre- 
served on the right side to indicate this elon- 
gation), and is approximately 12 mm, as is 
also seen in Potamotherium and Paragale. 
The temporal crests merge into the sagittal 
crest slightly behind the postorbital constric- 
tion. The braincase is not laterally expanded 
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Inf. C. 


Fig. 4. Posterolateral view of the orbital region of Amphicticeps shackelfordi, MAE BU.91.9187— 
90, referred specimen. C1 al., partial alveolus of upper canine; Fr., frontal; Inf. C., infraorbital canal; 
Ju.-Max. s. s., jugal-maxillary suture surface; Lac., lacrimal; Lac. f., lacrimal foramen; Max., maxillary; 


Pal., palatine; Sph.-pal. f., sphenopalatine foramen. 


near the postorbital constriction as in Pota- 
motherium or nearly becoming so in Para- 
gale. Although not very high, the sagittal 
crest is thick and robust; so is the nuchal 
crest. The temporal region of the skull has a 
rugose surface texture. In lateral view, the 
skull is somewhat shallow and has a rather 
flat forehead. 

The anterior half of the right orbital region 
is well preserved on MAE BU.91.9187—90 
(fig. 4). The infraorbital canal is short, about 
3 mm long, and has a round cross section. 
Immediately above the canal is a small, 
rounded lacrimal bone forming the inner rim 
of the antorbital rim. The lacrimal foramen 
on the lacrimal bone opens posterodorsally. 
About 1 mm into the orifice for the lacrimal 
sac, there is a small foramen on the ventral 


floor that opens into the dorsal wall of the 
infraorbital canal. A slender process of the 
palatine meets the lacrimal and excludes or- 
bital contact of the frontal with the maxillary. 
At the palatine—maxillary—lacrimal junction, 
there is a small, oval fenestra, probably due 
to lack of ossification at this stage of the on- 
togeny, although a fossa for inferior oblique 
muscle in hyaenids has been identified at the 
same triple junction (Werdelin and Soloun- 
ias, 1991: fig. 26). The anterior process of 
the jugal is broken away in both AMNH 
19010 and MAE BU.91.9187-90, leaving 
the jugal-maxillary suture surface well ex- 
posed in both specimens. From these sutures, 
it can be deduced that the anterior tip of the 
jugal stops just above the infraorbital canal 
and does not reach the lacrimal bone. 


12 


AMERICAN MUSEUM NOVITATES 


NO. 3483 





2005 


Basicranium (fig. 5): The occipital con- 
dyles are broken off on both sides of the ho- 
lotype. The remaining basioccipital floor be- 
tween the bullae is distinctly widened pos- 
teriorly, such that the lateral edges of the ba- 
sioccipital form a 25° angle, in contrast to 
smaller angles in primitive arctoids such as 
Amphictis and to nearly parallel (0°) edges in 
canids. A small, rounded process for the at- 
tachment of the rectus capitis ventralis mus- 
cle lies close to the lateral edges of the ba- 
sioccipital and is slightly in front of the pos- 
terior lacerate foramen. Both glenoid fossae 
are missing. On the left side, however, the 
medial segment of the postglenoid process is 
still preserved. Behind this broken process is 
a small postglenoid foramen, 1 mm in di- 
ameter. 

The mastoid part of the petrosal is inflated, 
forming a prominent, laterally protruding 
mastoid process. The process has a smooth 
and flat lateral facet and is connected to the 
paroccipital process via a posterior ridge and 
to the lambdoidal crest via a more prominent 
dorsal blade. Such a blade can also be seen 
in most North American oligobunines. The 
mastoid tubercle (processus hyoideus) is 
formed by the petrosal. The posteriorly di- 
rected paroccipital process is broadly based 
because of its expanded wings on each side, 
but shows no sign of fusion with the bulla 
(not preserved) at the base. There is a low, 
longitudinally oriented ridge on the ventral 
surface of the paroccipital process. 

In front of the mastoid process is an oval- 
shaped suprameatal fossa; its long axis is 
transversely oriented. The fossa is not fully 
enclosed toward the medial side, and is thus 
incompletely rimmed. Approximately 1.5 
mm deep, the fossa is excavated into the 
squamosal bone, which forms the anterior 
wall of the mastoid process. The suprameatal 
fossa is primarily developed toward the cau- 
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Fig. 5. 
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dal direction, and is excavated slightly to- 
ward the ventrolateral aspect such that it be- 
gins to be hidden by a thin bony rim, al- 
though the degree of excavation is far less 
than seen in some procyonids and mustelids. 

Although both bullae are missing, the 
presence of an ectotympanic bulla is indicat- 
ed by a clearly defined scar posterior to the 
postglenoid foramen and by a broad, smooth 
depression on the alisphenoid/squamosal su- 
ture (fused) area just medial to the postglen- 
oid process. Such surface markings leave lit- 
tle doubt as to where the anterior crus of the 
ectotympanic ring was attached (also see the 
description under Amphicticeps dorog for the 
preserved ectotympanic). A broad facet fac- 
ing anteroventrally between the posterior lac- 
erate and stylomastoid foramina at the base 
of the paroccipital process is apparently the 
site of attachment of the posterior crus of the 
ectotympanic. The presence of an entotym- 
panic, on the other hand, is indicated by a 2- 
mm-wide rugose area on the ventral surface 
of the promontorium immediately lateral to 
the petrosal/basioccipital juncture. It is not 
possible to ascertain whether a bony external 
auditory meatus was present. However, the 
rather distinct mark of the above mentioned 
ectotympanic attachment behind the post- 
glenoid foramen suggests that the anterior 
crus of the ectotympanic does not wrap 
around to superimpose on the squamosal 
around the dorsal bony passage of the meatus 
to form a complete ring by the ectotympanic, 
as happens in many arctoids that have a tu- 
bular external bony auditory meatus. 

The promontorium of the petrosal is prom- 
inently domed ventrally, particularly near the 
fenestra cochleae and fenestra vestibuli (oval 
and round windows). Its ventral surface is 
marked by at least two indistinct grooves 
(more clearly shown on the left side) that be- 
gin posteriorly at a small tubercle near the 


Ventrolateral view of the right side of the basicranium of Amphicticeps shackelfordi, AMNH 


19010, holotype. The region near the postglenoid process is reconstructed from that of the left side. cfn, 
canal for facial nerve; cica, canal for internal carotid artery; er, epitympanic recess; fc, fenestra cochleae 
(fenestra rotunda); fo, foramen ovale; fs, fossa for stapedius muscle; ftt, fossa for tensor tympani muscle; 
fv, fenestra vestibuli (fenestra ovalis); Gf, Glaserian fissure; ips, inferior petrosal sinus; mlf, middle 
lacerate foramen; mp, mastoid process; pf, promontory foramen; pgf, postglenoid foramen; plf, posterior 
lacerate foramen; pp, paroccipital process; pr, promontorium; sf, suprameatal fossa. 
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Fig. 6. Amphicticeps shackelfordi? MAE SG.95.8919, braincase and basicranial fragments. A, caudal 
view; B, lateral view; C, stereophotos of lateroventral aspect; and D, stereophotos of ventral view. cf, 
condyloid foramen; eam, external auditory meatus; Ec, Eustachian canal; mp, mastoid process; pcf, 
posterior carotid foramen; plf, posterior lacerate foramen; pp, paroccipital process; sf, suprameatal fossa; 
smf, stylomastoid foramen; tb, tympanic bulla. 
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entotympanic/promontorium contact facet. 
These grooves make small arches laterally at 
a level slightly in front of the fenestra co- 
chleae and then turn medially toward the en- 
totympanic/promontorium suture. Despite 
the superficial resemblance of the course of 
these grooves to the sulcus of the promon- 
torial branch of the internal carotid artery 
and nerve in primitive caniforms (Wang and 
Tedford, 1994), its occupant is unlikely to be 
a promontorial artery, contrary to Cirot 
(1992: fig. 2), who postulated a promontorial 
artery in the primitive musteloid Amphictis, 
and to Schmidt-Kittler (1981), who implied 
the existence of an internal carotid artery on 
the promontorium of Amphicticeps. In taxa 
with a promontorial artery, there is usually a 
stapedial branch leading transversely toward 
the oval window. In Amphicticeps there is no 
such transverse sulcus medial to the oval 
window. Instead, there is a distinct groove 
along the ventral rim of the oval window. 
Such a longitudinal groove can also be found 
in Promartes and in living procyonids. In the 
case of the latter group, the soft structures 
that left the grooves are fine branches of the 
caroticotympanic artery and the accompa- 
nying caroticotympanic nerves (Story, 1951: 
fig. 83). The caroticotympanic artery, which 
is a minor component in the internal carotid 
artery, arises from the main internal carotid 
artery within the carotid canal, and after 
looping across the promontory, anastomoses 
with the tympanic arteries. The inferior tym- 
panic artery and the tympanic nerve loop 
around the posterior edge of the round win- 
dow instead the anterior position as in a 
promontory artery. The surface sulci on the 
promontorium of Amphicticeps are thus best 
reconstructed as left by an arterial and ner- 
vous configuration similar to that of extant 
procyonids, that is, no promontory artery is 
present. The main course of the internal ca- 
rotid artery is assumed to be in the typical 
arctoid fashion enclosed within the medial 
bullar wall (see the description under A. teil- 
hardi for further evidence of a medially po- 
sitioned internal carotid artery). 

At the posteromedial corner of the pro- 
montorium, there is a distinct posterior pro- 
cess protruding toward the posterior lacerate 
foramen. This process is broken off on the 
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left side, showing pneumatic spaces beneath 
the bony surface. 

The fossa for the tensor tympani is deep 
and located anteromedial to the epitympanic 
recess. There is a thin sheet of bone covering 
the canal for the facial nerve; some segments 
of this sheet are so thin that the bone is rather 
transparent along the nerve canal. The epi- 
tympanic recess is shallow, and walled by 
Squamosal ventrolaterally and petrosal dor- 
solaterally. 

Medial to the Eustachian canal at the level 
of the presumed anterior end of the entotym- 
panic, the basisphenoid is deeply excavated 
into a large pit just anterior to the median 
lacerate foramen. This space marks the turn- 
around point of the internal carotid artery 
(cica of fig. 5; Wang and Tedford, 1994). The 
inferior petrosal vein is excavated into the 
lateral wall of the basioccipital but remains 
rather thin (approximately 1 mm in diameter) 
within a canal formed by the petrosal and 
basioccipital (ips of fig. 5; best seen near the 
posterior lacerate foramen). The caliber of 
the inferior petrosal vein is such that it is 
unlikely to be able to accommodate a double- 
looped internal carotid artery hypothesized to 
be present in many ursoids (Hunt, 1977; 
Hunt and Barnes, 1994). 

The area anterior to the Eustachian canal 
is damaged on both sides of the skull, and it 
is not possible to ascertain the status of the 
alisphenoid canal except by indirect infer- 
ences. Schmidt-Kittler (1981: 784) stated, 
without elaboration, that Amphicticeps has an 
alisphenoid canal on each side of the skull. 
On AMNH 19010, only the anterodorsal roof 
of the foramen rotundum (shared with the an- 
terior opening of the alisphenoid canal) is 
partially preserved on each side of the skull, 
and the ventral floor of the canal (if present) 
is missing. Further preparation on the better 
preserved left side of the holotype reveals a 
short segment of bone, about 2 mm in length, 
between the posterior aspect of the foramen 
rotundum and the foramen ovale. In Canis 
(Evans and Christensen, 1979) and Ailurus 
(Story, 1951), the maxillary artery enters the 
posterior opening of the alisphenoid canal 
(caudal alar foramen in Evans and Christen- 
sen, 1979) and emerges from the foramen ro- 
tundum (rostral alar foramen). In Procyon 
(which lacks the alisphenoid canal), on the 
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TABLE 2 
Cranial Measurements of Amphicticeps shackelfordi and Amphicynodon teilhardi (in mm) 


Length of skull, inion to nasal tip 

Breadth of rostrum across C (labial side) 

Breadth of rostrum across P1 (lingual side) 

Breadth of palate across left and right P4-M1 

Breadth of frontal across postorbital processes 

Breadth of postorbital constriction 

Distance between postorbital constriction and postorbital 
process 


other hand, only a small branch of the inter- 
nal maxillary artery, the medial meningeal 
artery, enters the foramen ovale (Story, 1951: 
fig. 82). On AMNH 19010, the bony bridge 
flooring the orbital fissure and roofing the 
alisphenoid canal forms a half-pipe structure 
on the ventral view, possibly because of a 
broken ventral floor for the alisphenoid ca- 
nal. A tiny foramen is present on the medial 
wall of the alisphenoid canal at the level of 
the presumed posterior entrance of the canal, 
as 1s also seen in Amphicynodon teilhardi. 
While structural damages do not permit us to 
state with certainty the existence of a poste- 
rior opening of the alisphenoid canal, we 
agree with Schmidt-Kittler that an alisphe- 
noid canal is likely present. 

Bulla of MAE SG.95.8919 (fig. 6): We ten- 
tatively refer a left bulla and associated pos- 
terior-most portion of the skull, MAE 
SG.95.8919, to Amphicticeps shackelfordi. 
Although the bullar size and overall basicra- 
nial morphology seems to be compatible 
with the holotype, there are a number of dif- 
ferences that prevent us from being certain 
of our reference. Furthermore, in the absence 
of associated dental materials in MAE 
SG.95.8919, it is prudent to describe this bul- 
la separately in order to highlight the con- 
flicting morphologies in the basicranial area 
from those in the holotype. 

MAE SG.95.8919 consists of a crushed 
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Amphicynodon 
teilhardi 
(PST 17/34) 


Amphicticeps 
shackelfordi 
(AMNH 19010) 


87.0 — 
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29.0 18.3 
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posterolateral aspect of the skull, preserving 
much of the left bulla as well as the occipital 
condyles and the top of the skull. Although 
much of the bony relationships between var- 
ious elements are intact, crushing has dis- 
torted some areas so that full restoration of 
their original relationships is no longer pos- 
sible. 

The top of the braincase is well preserved, 
including about 25 mm of the posterior-most 
segment of the sagittal crest and a complete 
nuchal crest. The sagittal crest is 7 mm high 
at its deepest point just in front of the nuchal 
crest. The posterior segment of the sagittal 
crest on the holotype is missing, but based 
on the height of its nuchal crest, seems to be 
slightly lower than that in MAE SG.95.8919. 
The temporal foramen at the suture of pari- 
etal and supraoccipital is more posteriorly lo- 
cated than in the holotype. The profile of the 
nuchal crest, viewed from the caudal end, is 
also different from that of the holotype; in- 
stead of a rather flat top in the holotype, 
MAE SG.95.8919 has a rather pointed inion 
with a more steeply sloped nuchal crest on 
either side. The nuchal crest is also slightly 
thinner than in the holotype. 

The most prominent difference between 
MAE SG.95.8919 and the holotype is in the 
size and lateral extrusion of the mastoid pro- 
cesses, although the overall construction of 
the mastoid process in MAE SG.95.8919 is 


Fig. 7. Amphicticeps shackelfordi, MAE BU.91.9187-90, referred specimen, photographs of poly- 
ester cast. A, occlusal view of upper teeth, stereophotos; B, occlusal view of lower teeth, stereophotos; 
C, medial and D, lateral views of lower jaw. Scales = 10 mm. 
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TABLE 3 
Measurements of Upper Teeth of Amphicticeps (in mm) 


shackelfordi dorog makhchinus 

AMNH MAE AMNH MAE MAE MAE 

19010 BU.91.9187-90 85224 8G.9799 SG.9194 93-213 
Length of Cl (alveola) 6.8 —- —— -— — -— 
Width of Cl (alveola) 4.5 — — — — — 
Length of Pl 2.8 — — — — — 
Width of P1 1.6 — — — — — 
Length of P2 4.7 — — — — — 
Width of P2 2.6 — — — — — 
Length of P3 — 5.4 6.4 — — -—— 
Width of P3 — 3.0 4.0 — — 4.7* 
Labial length of P4 9.7 9.5 — — 11.0 12.7 
Lingual length of P4 

(protocone to metastyle) 10.8 10.7 = — PAT, 14.4 

Anterior breadth of P4 6.9 6.6 — — LT 10.6 
Labial length of M1 lll 6.7 — 29 8.1 1 
Max. transverse width M1 10.5 7 — 10.6 11.4 14.2 
Longitudinal length of M2 — 26 — — — — 
Max. transverse width M2 — 4.0 — — — — 
Alveolar distance P1-—M2 28.9 26.0 — — — — 


* Indicates an estimate. 


similar to that in the holotype. A laterally 
expanded mastoid forms a conspicuous, 
rounded (in dorsal view) crest continuous 
from the lambdoidal crest. In lateral view, the 
outline of the mastoid process is roughly tri- 


angular. A posteroventral facet for attach- 
ment of the obliquus capitis cranialis muscle 
(Anton et al., 2004) is the largest surface of 
the process, and this facet is less posteriorly 
oriented than in the holotype. The depth of 


TABLE 4 
Measurements of Lower Teeth of Amphicticeps shackelfordi (in mm) 


MAE MAE MAE 


AMNH AMNH AMNH AMNH AMNH AMNH AMNH BU.91. SG.95. SG.97. MAE 


19017 19127 
Length of pl — — — — 
Width of pl — — — = 
Length of p2 4.0 — — —| 
Width of p2 2:2. — — — 
Length of p3 5.0 4.5 — — 
Width of p3 tS) 3.0 — — 
Length of p4 — — — = 
Width of p4 — — — — 
Length of ml 8.7 8.5 2: Oo 
Trigonid length of ml 5.4 5.4 5.26 6.0 
Trigonid width of ml 4.2 4.4 4.8 4.6 
Talonid width of m1 3,7 3.8 4.4 4.2 
Length of m2 — — — — 
Width of m2 — — — — 
Diameter of m3 alveola — — = —= 
pl—m2 (alveolar) 28.7% 27.3 Bo* — 


* Indicates an estimate. 


19128 21695 81336 83610 85749 9787-90 7518 3576 M-217 


— — — 2.8 — — — 
— — — 1S a = — 
— — — ow 4.6 — — 
— — — 2.4 2.4 — — 
— — — 5.0 — — — 
— — — 2.9 — — — 
— 6.3 — 6.1 2 — — 
— Si — 3.6 3.0 — — 
— oo — 9:2. — 8 9.4 
— 6:2 — 6.1 — 6.0 6.3 
— 4.5 — 4.8 4.4 4.2 Sal 
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the mastoid process in MAE SG.95.8919 is 
also significantly less than in the holotype, 
resulting in a smaller area of the lateral facet 
of the mastoid for attachment of the sterno- 
mastoideus muscle. Overall, one gets the im- 
pression that the much enlarged and laterally 
extruded mastoid process in the holotype is 
mostly related to the increased size and le- 
verage of the m. obliquus capitis cranialis, 
and thus presumed more powerful head ro- 
tation (Ant6n et al., 2004), although onto- 
genetic variation may also be responsible for 
such differences. 

Associated with its smaller mastoid pro- 
cess, the paroccipital process in MAE 
SG.95.8919 is also narrower in ventral 
view—the broader process in the holotype is 
apparently the result of a proportional lateral 
expansion due to its greatly expanded mas- 
toid process. Otherwise, the paroccipital pro- 
cess is of the same general construction, with 
a dorsally convex and ventrally flat process 
that is completely posteriorly oriented with- 
out any hint of a ventral bending toward the 
bulla. Such a “‘free’’ paroccipital process, 
without hugging the bulla, is often a primi- 
tive condition for all caniforms (e.g., see 
Wang, 1994; Wang and Tedford, 1994; Wang 
etal. 1999). 

The bulla is more or less intact with the 
exception of a crack on the ventrolateral as- 
pect. The lateral half of the ectotympanic 
ring is slightly caved in by approximately 1 
mm along this crack. Other than such a dis- 
tortion, the bulla seems to maintain its orig- 
inal proportions. The form of the bulla is 
quite inflated for a basal arctoid, more so 
than the modern ursid “‘type A’ bulla (Hunt, 
1974). The axis along the ventralmost rim of 
the bulla forms a slight angle with the para- 
sagittal axis of the skull, in contrast to the 
canid condition of mostly parallel bullar 
axes. Composition of the bullar elements is 
difficult to ascertain due to extensive fusions 
and fine cracks on the bullar surface. An ex- 
tremely subtle groove seems to run from the 
base of the paroccipital process across the 
posterior aspect of the bulla, crossing slightly 
behind the ventral floor of the bulla and 
reaching toward the anterior carotid foramen 
(the anterior extent of this groove is less well 
defined because surface marks are becoming 
less clear). This narrow band of slightly 
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roughened area may be one possible inter- 
pretation of the rostral entotympanic— 
ectotympanic contact, although such an in- 
terpretation is highly speculative and other 
alternatives are just as likely. The posterior 
carotid foramen is located on the anterior rim 
of the large posterior lacerate foreman. 

Toward the medial aspect of the bulla, the 
basioccipital—basisphenoid region is frac- 
tured, and anatomic relationships are difficult 
to interpret. The nearly vertical medial wall 
of the bulla is buttressed by a thickened lat- 
eral wall, up to 6 mm in depth, of the basi- 
occipital. The lateral surface of this lateral 
wall of the basioccipital is essentially flat and 
hugs the medial wall of the bulla, although 
there is a narrow gap between these two 
walls toward the posterior aspect of their 
contact. The medial wall of the basioccipital 
lacks a prominent invagination for the em- 
bayment of the inferior petrosal sinus seen in 
many ursoids such as ursids, amphicyonids, 
and basal pinnipeds (e.g., Hunt, 1977; Hunt 
and Barnes, 1994). The above mentioned gap 
between the lateral wall of the basioccipital 
and the medial wall of the bulla-petrosal 
seems too small to accommodate an enlarged 
inferior petrosal sinus. On the medial side of 
the lateral basioccipital wall a small canal is 
embedded within the basioccipital bone. This 
canal, probably for a nutrient blood vessel, 
emerges anteriorly into the braincase slightly 
behind the level of the anterior carotid fora- 
men. 

The external auditory meatus is quite well 
developed for a basal arctoid. The ventral lip 
of the meatus is 3—4 mm long, much longer 
than those in European basal arctoids such as 
Amphicynodon leptorhynchus (FSP ITD 312) 
and Amphictis ambiguus (FSP PFRA 28). 
Areas inside the meatus were prepared. A su- 
prameatal fossa is vaguely developed on the 
posterodorsal aspect of the meatal wall of the 
squamosal. Such a weak fossa is in contrast 
to that in the holotype, on which it is not 
only substantially deeper but also better de- 
fined by a sharp rim along its lateral and ven- 
tral aspects. The fossa in MAE SG.95.8919 
is also less well developed than in Amphi- 
cynodon teilhardi (see description below). 
The postglenoid process is broken off, ex- 
posing the canal for the retroarticular vein, 
which is of relatively small caliber. 


20 AMERICAN MUSEUM NOVITATES 


Mandible (fig. 7B—D): Discovery of the 
associated upper and lower jaws of MAE 
BU.91.9187—90 allows us confidently to re- 
fer several ramal fragments to Amphicticeps. 
Nonetheless, our knowledge of the angular 
process and the ascending ramus is still in- 
complete. 

The mandible is short, thick, and deep, 
with an average thickness of 6.0 mm and 
depth of 11.0 mm (both measured at the level 
of the talonid basin of ml; N = 5). On 
AMNH 19127, the remaining ascending ra- 
mus suggests a rather erect anterior border, 
forming a 125° angle with the horizontal ra- 
mus. There are two mental foramina, one be- 
low the anterior edge of the p2 and another 
between the two roots of the p3. 

Teeth (figs. 2, 7): No upper incisor is pre- 
served. Only the root of right I3 is partially 
intact on AMNH 19010. A robust upper ca- 
nine can be inferred from the large alveoli 
on both sides of the holotype. Immediately 
behind the canine is a small, single-rooted P1 
with a single main cusp. The double-rooted 
P2 also has a single main cusp, which is sur- 
rounded by a weak cingulum on the lingual 
side. This cingulum thickens on the posterior 
end and shows an incipient development of 
a cingular cusp. Both P3s are missing on the 
type, but are well preserved in MAE 
BU.91.9187-90. Like P2, P3 is single 
cusped, although its cingulum is stronger 
than that on P2. The upper carnassial, P4, is 
transversely broad due to a lingually extend- 
ed protocone, which is near the anterolingual 
corner of the tooth. The apex of the P4 pro- 
tocone is relatively low and formed by a 
raised lingual cingulum. This crestlike pro- 
tocone contrasts with that of the North Amer- 
ican oligobunines, which have a primitively 
tall, cusplike protocone (i1.e., the apex is not 
associated with the cingulum). A low crest is 
present on the labial aspect of the protocone. 
There is a narrow cingulum on the labial 
side, which continues in front of the tooth 
and thickens slightly to become an indistinct 
parastyle. A carnassial notch is present. 

M1 is transversely elongated, and its labial 
border forms a steep angle, averaging 112°, 
with that of the P4. The M1 parastyle is 
strong, rising to nearly the same height as the 
paracone. In MAE BU.91.9187-—90, there is 
a faint notch (absent in the holotype) sepa- 
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rating the parastyle from the paracone. The 
paracone is much higher than the metacone. 
The preprotocrista is low and lacks a proto- 
conule on the holotype but is swollen slightly 
at the base of the paracone to indicate an 
indistinct protoconule in MAE BU.91.9187— 
90. The postprotocrista is clearly present and 
is oriented somewhat posteriorly. The post- 
protocrista ends at the posterior border of the 
M1 rather than at the base of the metacone. 
The lingual cingulum is moderately devel- 
oped. It is rather low as compared to the pro- 
tocone, and is thickest along the posterolin- 
gual border of the M1. The cingulum quickly 
tapers off anterior and posterior to the pro- 
tocone, in contrast to a well-developed pos- 
terior ridge bordering a deep talon basin in 
the oligobunines. M2 is double-rooted and is 
located lingually such that its lingual border 
is at the same level as that of M1 whereas 
its labial border only reaches the middle of 
M1. The oval-shaped M2 has a prominent 
paracone toward the labial margin, and a 
posterolingually located, but much smaller, 
metacone at the posterior border of the tooth. 
A crestlike protocone is near the middle of 
the tooth, and is surrounded lingually by a 
lingual cingulum. 

No lower incisors or canines are preserved 
on the holotype or referred specimens. The 
lower premolars are as robust as their upper 
counterparts. The pl is single rooted and has 
a single main cusp. A cingulum is present 
around the anterior and posterior borders of 
p2—p3, which are single cusped. The p4, 
however, has a small posterior accessory 
cusp behind the main cusp. The p4 cingulum 
nearly completely surrounds the tooth except 
the region between the roots on the labial 
side. The ml is rather broad (transversely) 
and its trigonid is short. The trigonid cusps 
are low and blunt, and the metaconid is not 
greatly reduced. The lingual border between 
the paraconid and metaconid is slightly con- 
cave to give a somewhat sigmoid appearance 
in occlusal view. Most individuals have a la- 
bial cingulum on the trigonid, whereas the 
lingual cingulum is more reduced. But the 
lingual cingulum is usually present at the lev- 
el of the carnassial notch and may extend 
along the entire trigonid as in AMNH 21695, 
which occurs stratigraphically higher than 
the rest of the sample. The talonid of m1 is 
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narrower than the trigonid, and consists of a 
dominant hypoconid bordered lingually by a 
low entoconid crest much like a cingulum. 
The anterior hypoconid crest, the cristid ob- 
liqua, is oriented parasagittally. There is a 
weak cingulum on the labial side of the hy- 
poconid. The entoconid crest does not have 
a notch at the base of the trigonid as in Po- 
tamotherium and the oligobunines. The 
double-rooted m2 is shortened and nearly 
quadrate in outline. The protoconid and 
metaconid are large and distinct. There is no 
paraconid anterior to the protoconid and 
metaconid; in its place there is a low, trian- 
gular platform. The greatly reduced talonid 
consists of a small hypoconid along the pos- 
terolabial border of the tooth. The entoconid 
takes the form of a narrow cingulum. A nar- 
row cingulum is also present along the labial 
border of m2. The presence of a tiny m3 is 
indicated by a small root in MAE 
BU.91.9187-—90, but it is absent in other in- 
dividuals (definitely in AMNH 19127 and 
probably in AMNH 19017). 

COMPARISON: Although Matthew and 
Granger’s (1924) diagnosis of Amphicticeps 
shackelfordi indicated the presence of lower 
jaws, they did not elaborate the exact nature 
of the specimens, nor did they illustrate a 
lower jaw of this species. Four lower jaws 
were probably available at the time of their 
study (specimens that were collected during 
the 1922 season), and what Matthew and 
Granger had in mind were probably AMNH 
19017 and 19128 because these two jaw 
fragments possess an m1 but are missing the 
m2, a combination that matches their de- 
scriptions. Their descriptions of the lower 
teeth, although very brief, must have been 
important in their attempt to delineate vari- 
ous species. In particular, their contrasts be- 
tween lower carnassials of Amphicticeps and 
Amphicynodon (their Cynodon) must have 
been based on these referred lower jaws. 

With the naturally associated upper and 
lower jaws of MAE BU.91.9187-—90, our 
confidence in the references of isolated lower 
dental materials to Amphicticeps shackelfordi 
is considerably increased. In light of the new 
materials, Matthew and Granger’s (1924: 4) 
comparisons about the lower carnassials hav- 
ing “‘a narrower and shorter heel with more 
distinct hypoconid crest’’ relative to those of 
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Amphicynodon are still correct and their con- 
cept of the hypodigm still valid. However, 
specimens from the 1922 collection lack an 
m3, which naturally led Matthew and Grang- 
er to conclude that absence of this last molar 
is one of the main distinctions between Am- 
Phicticeps and Amphicynodon. 

Our new discovery that MAE BU.91.9187— 
90 has an unmistakable m3 adds a new wrin- 
kle to the interpretation of this character. As 
pointed out in the above descriptions about 
specimens that have preserved the posterior 
dental battery, an m3 is definitely absent in 
AMNH 19127 and is probably absent as well 
in AMNH 19017. Given the tiny size of the 
m3 in MAE BU.91.9187—90, it is quite pos- 
sible that individuals, such as AMNH 19217, 
could have had an m3 in an earlier part of 
their life, which was later broken and fully 
healed without leaving traces of its root, a 
situation common in carnivores with small 
pls (personal obs.). Whatever the actual sit- 
uation with AMNH 19217, taken at the face 
value of existing materials, 30%-—50% of in- 
dividuals have retained an m3, although our 
sample size is obviously too small to allow 
a true statistical sense of the ratios. A similar 
situation is better documented in the loss of 
the M3 in the basal canid Hesperocyon gre- 
garius, in which about 7% of the Chadronian 
individuals still retain a small, nonfunctional 
M3 and by Orellan time all have lost it 
(Wang, 1994: 30). However, the actual ratio 
may not be an important point in the present 
analysis. The important phylogenetic impli- 
cation is that Amphicticeps represents a small 
clade that in its most basal species, A. shack- 
elfordi, 1s on its way to losing its last molars, 
and this loss is yet another independent dis- 
appearance of this molar among carnivorans. 

It is also worth noting that AMNH 21695, 
the only referred specimen of A. shackelfordi 
from the Zavlia fauna well above the level 
of the persistent basalt, is also the most ro- 
bust individual known, both in terms of ra- 
mal construction and width of the m1. In ad- 
dition, it is the only individual with a nearly 
complete cingulum on the lingual side of the 
trigonid, and its premolar alveoli indicate an 
individual with a relatively shorter rostrum 
compared to individuals from the Ulaan 
Khongil fauna below or immediately above 
the lava. The reliability of these features as 
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indications of a later stage of evolution of the 
species remains to be verified by further sam- 
ples from the Zavlia fauna. 

MAE SG.95.8919 offers the only bulla for 
Hsanda Gol carnivorans, and despite its less 
than certain taxonomic status, is of consid- 
erable importance in our understanding of 
the basal arctoids. That it belongs to the basal 
arctoids is certain. Of the main two arctoid 
lineages in the Shand Gol that are likely can- 
didates, Amphicynodon teilhardi, the only 
species so far known for the genus in Mon- 
golia, is too small for MAE SG.95.8919. 
Species of Amphicticeps, on the other hand, 
encompass a size range that is consistent 
with that of MAE SG.95.8919. More specif- 
ically, the holotype of A. shackelfordi has the 
same bulla size (judging from the attachment 
sites for the bulla) and general basicranial 
morphology as the MAE SG.95.8919. We 
thus cautiously place MAE SG.95.8919 in A. 
shackelfordi. 

Overall, the holotype of Amphicticeps 
shackelfordi has a more robust construction 
than in MAE SG.95.8919, particularly in its 
thicker nuchal crests and larger and more lat- 
erally extruded mastoid process. These pro- 
portional differences may seem conspicuous, 
but probably are all attributable to a stronger 
development of the head—neck musculatures 
in the holotype. Even more extreme lateral 
expansions of the mastoid process can be 
seen in Allocyon. In the absence of contra- 
dicting evidence, we tentatively treat such 
differences as variations due to sexual di- 
morphisms in Amphicticeps. If our treatment 
is correct, the variations in the size of the 
suprameatal fossa are also considerable. 


Amphicticeps dorog Wang, McKenna, and 
Dashzeveg, new species 
Figure 8; Tables 3, 5 


HOLOTYPE: MAE SG.9194, right maxillary 
fragment with P4—M1 and M2 alveolus. 

TYPE LOCALITY: Tsagan Nor Basin, eastern 
Valley of Lakes, Obor-Khangay Province, 
Mongolian People’s Republic. Top of Tatal 
Member, Hsanda Gol Formation, early Oli- 
gocene. 

REFERRED SPECIMENS: AMNH 21656, left 
ramal fragment with m2 broken and m3 al- 
veolus, field no. 538; AMNH 21672, left ra- 
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mal fragment with m1l—2, from “‘Grand Can- 
yon’’, field no. 531; AMNH 84211, right ra- 
mal fragment with m1l-2, field no. 532; 
AMNH 85217, left ramal fragment with m1 
and alveoli of p2—4, field no. 538; AMNH 
85223, solated sleft, mil, ‘fieldsno:., 93.83 
AMNH 85224, left maxillary fragment with 
P3, field no. 538; AMNH 85233, isolated left 
ml, field no. 538; MAE SG.91.9192, left ra- 
mal fragment with c broken and p2—4, from 
locality MAE 91-82, Tatal Gol, below lava 
in Tatal Member; MAE SG.95.8655, left ra- 
mus fragment with p3; MAE SG.97.3576, 
isolated right ml; and MAE SG.9799, left 
maxillar fragment with M1. 

ETyYMoLoGy: Mongolian: dorog, badger. 

DIAGNOSIS: Amphicticeps dorog differs 
from A. shackelfordi in its possession of the 
following derived characters: larger size and 
more robust dentitions and jaws, lower and 
more crestlike P4 protocone, more prominent 
P4 anterior cingulum, more reduced M1 par- 
astyle, relatively larger and more labially lo- 
cated M2, relatively shorter m2, and loss of 
m3. It is readily distinguishable from A. 
makhchinus in its smaller size, less lingually 
and posteriorly expanded P4 protocone crest, 
more labially oriented M1 postprotocrista, 
and less lingually expanded lingual cingulum 
of M1. 

DESCRIPTION: Our knowledge of this new 
species is still limited to isolated maxillar 
and mandibular fragments and cheek teeth. 

Upper teeth (figs. 8A, C): Only a single 
isolated P3 (AMNH 85224) is available and 
it has a simple main cusp and a well-devel- 
oped cingulum. The P4 on the holotype is 
relatively wide due to a rather lingually ex- 
panded protocone. The protocone is low and 
its apex is located along the lingual margin 
and is continuous with the lingual cingulum 
through crests on either sides of the cusp. 
There is also a low ridge on the labial side 
of the protocone that ends at the base of the 
paracone. A cingulum is strongly developed 
around the entire P4, and the anterior cin- 
gulum is especially strong to the point of al- 
most forming a parastyle. The labial cingu- 
lum is better developed than the lingual 
cingulum. The paracone is broad based and 
has a distinct anterior ridge leading down 
from the apex to the base. There is a well- 
developed carnassial notch. 
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The most distinguishing feature of the M1 
is its transverse elongation, mostly due to a 
large paracone and parastyle. The paracone 
is the tallest cusp of the tooth, and is sub- 
stantially larger and taller than the metacone. 
A large parastyle is formed by a prominent 
elevation of the labial cingulum surrounding 
the paracone. In contrast, the labial cingulum 
around the metacone is much narrower and 
lower. The metacone is on the posterolingual 
aspect of the paracone. The protocone is 
about the same height as the metacone. A 
distinct pre- and postprotocrista converge at 
the apex of the protocone and form a sharp 
V-shaped crest. No protoconule or metaco- 
nule is present. The lingual cingulum sur- 
rounds the protocone but is asymmetrical— 
its posterolingual corner behind the proto- 
cone is more swollen than its anterolingual 
corner. 

No M2 is preserved. The double-rooted al- 
veoli on the holotype suggest an M2 that is 
probably transversely elongated, as is M1, 
but probably anteroposteriorly short because 
of a short m2 and the absence of an m3 (see 
below). The location of the labial root indi- 
cates an M2 that is not lingually shifted as 
in Amphicticeps shackelfordi. 

Lower teeth (figs. 8B, D, E, F): Although 
no associated upper and lower jaws are avail- 
able, our references of isolated lower jaws 
are mostly based on their intermediate sizes, 
corresponding to size differences of upper 
teeth of different species of Amphicticeps, 
and on their dental morphologies that are 
consistent with those of the upper teeth. 
Fragmentary lower jaws, such as in AMNH 
21672, indicate a robust mandible of deep 
and thick horizontal ramus. 

Lower premolars are best preserved in 
MAE SG.91.9192, which has p2—4. Both p2 
and p3 are similar, with a simple main cusp 
and an indistinct anterior cingular cusp, al- 
though the latter is larger and less asymmet- 
rical in lateral view. A narrow cingulum sur- 
rounds much of the crown of these premo- 
lars. The p4 has added a moderate posterior 
accessory cusp as well as a posterior cingular 
cusp. Its anterior cingular cusp is also better 
developed than those of anterior premolars. 
The p4 cingulum also becomes more distinct. 

The m1 trigonid is relatively short and its 
shearing blade bends lingually. The proto- 
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conid is the largest and tallest cusp. The 
metaconid and paraconid are of approxi- 
mately the same height. The metaconid is 
lingual to, and slightly posterior to, the pro- 
toconid. The labial cingulum is narrow, and 
a short and indistinct lingual cingulum is pre- 
sent between the paraconid and metaconid. 
The tall trigonid is in contrast to a low tal- 
onid, which is dominated by a large (at the 
base), but relatively low hypoconid. The hy- 
poconid is crestlike. It is rather labially lo- 
cated at its posterior end and stops anteriorly 
at the base of the protoconid, almost directly 
below the apex of the protoconid. The en- 
toconid is no more than a low crest, directed 
posteriorly at an angle with the long axis of 
the tooth. The entoconid crest is decorated 
with fine wrinkles along its top edge. An in- 
distinct labial cingulum surrounds the talonid 
but no cingulum is present on the lingual 
side. 

The m2 is single rooted, very short, and 
almost equal in its length and width. The tri- 
gonid is formed by two low cusps, the pro- 
toconid and metaconid, which are set apart 
from each other. The two cusps are located 
almost on the lingual and labial borders of 
the tooth. A hypoconid is barely distinguish- 
able on the talonid. A vague cingulum is de- 
veloped on the anterior half of the tooth. The 
m3 is absent. 

COMPARISON: Even on the basis of the 
fragmentary materials at hand, the transition- 
al nature of this species seems readily ap- 
parent—Amphicticeps dorog is in many 
ways an intermediate form between the more 
primitive A. shackelfordi and more derived 
A. makhchinus. Average length of the upper 
carnassials is 15% longer than that of A. 
shackelfordi but 16% shorter than that of A. 
makhchinus. In the lower carnassial length, 
A. dorog is 22% longer than that of A. shack- 
elfordi. Such size differences are comparable 
to those among modern sympatric species of 
some desert canids (Dayan et al., 1989, 
1992), which offer a quantitative criterion for 
identification of fragmentary materials. 
These overall size differences, in addition to 
the fact that the two species cluster by them- 
selves without intermediate individuals to 
bridge the gap, strongly suggests a separate 
species for A. dorog. 

Qualitative morphological differences also 
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TABLE 5 
Measurements of Lower Teeth of Amphicticeps dorog (in mm) 


AMNH AMNH AMNH 

21672 84211 85217 
Length of p2 — — — 
Width of p2 — — — 
Length of p3 — = — 
Width of p3 — — — 
Length of p4 — — — 
Width of p4 -—- -—- ~~ 
Length of ml 10.5 10.5 Lele 
Trigonid length of ml 6.9 65 Te 
Trigonid width of ml 5.6 4.6 5.3 
Talonid width of ml 4.9 4.5 — 
Length of m2 4.2 3:8 — 
Width of m2 329 3.9 — 


indicate a transitional form for Amphicticeps 
dorog. In the following characters A. dorog 
is almost exactly intermediate between A. 
Shackelfordi and A. makhchinus: the crestlike 
P4 protocone, the development of the P4 an- 
terior cingulum, the size of the M1 parastyle, 
the development of the posterior lingual cin- 
gulum of M1, and the angle between the la- 
bial borders of the P4 and M1. 


Amphicticeps makhchinus Wang, 
McKenna, and Dashzeveg, new species 
Figure 9; Table 3 


HoLotTyPpE: MAE 93-213 (AMNH cast 
129862), right maxillary fragment with P4— 
M1, partial P3, and alveolus of M2. Collect- 
ed by James M. Clark on 16 August 1993. 

TyPE LOcALITy: MAE 93-213 was found 
in the Tatal Gol (Ulaan Khongil or “‘Grand 
Canyon’’) locality, 45°17'50"N, 101°37'16’E, 
Tsagan Nor Basin, eastern Valley of Lakes, 
Obor-Khangay Province, Mongolian Peo- 
ple’s Republic. 

GEOLOGY AND AGE: MAE 93-213 was col- 
lected from the main exposure of the Tatal 
Gol locality, below the level of the lava, in 
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Fig. 8. 


AMNH AMNH MAE MAE 

85223 85233 $G.91.9192 SG.95.8655 
— — a5 — 
— — 2.6 = 
— — oe) ne) 
— — 29 3.0 
— — 7.0 — 
— — 37 — 
11.8 11.4 — — 
7.8 Bas — — 
6.0 4.8 — — 
5.7 5.0 — — 


the Tatal Member of the Hsanda Gol For- 
mation, early Oligocene. 

REFERRED SPECIMENS: Holotype only. 

DrAGnosis: As the largest and possibly the 
most derived species of the genus, Amphic- 
ticeps makhchinus is distinguished from the 
other two species of the genus, A. shackel- 
fordi and A. dorog, in its larger size, a broad- 
ened P3 with an extra lingual root, a low and 
lingually expanded P4 protocone crest, a 
slightly more reduced M1 parastyle, an en- 
larged M1 metaconule, and a more expanded 
M1 lingual cingulum. 

ETYMOLOGY: Mongolian: makhchinus, 
meat eater, carnivore. 

DESCRIPTION: Amphicticeps makhchinus is 
the least known of the three Hsanda Gol spe- 
cies of the genus. We are limited to two and 
a half teeth on the fragmentary right maxil- 
lary of the holotype. The maxillary clearly 
shows a shortened infraorbital canal, imply- 
ing a shortened rostrum. Attached to this 
maxillary fragment is the anterior-most part 
of the jugal. The well-delineated jugal- 
maxillary suture indicates that the anterior 
jugal process stops at the antorbital rim and 


Amphicticeps dorog, n.sp. A, lateral view of upper teeth, MAE SG.9194, holotype; B, lateral 


view of anterior ramal fragment, MAE SG.91.9192; C, occlusal view of upper teeth, MAE SG.9194, 
holotype, stereophotos; D, occlusal (stereophoto), E, lingual, F, labial views of lower jaw fragment, 
AMNH 21672. Scales = 10 mm; top scale is for B, middle scale for A, C—D, and lower scale for E 


and F. 
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Fig. 9. Amphicticeps makhchinus, n.sp, MAE 93-213, holotype, photographs of a polyester cast 
(AMNH 129862). A, occlusal view of upper teeth, stereophotos; B, lateral view of upper teeth and 
maxillary; and C, lingual view of upper teeth and maxillary. Scale = 5 mm. 


is probably not in contact with the lacrimal 
or frontal as in other species referred to this 
genus. 

Only the posterior half of the P3 is pre- 
served, which has a well-developed cingu- 
lum. The P3 has a significantly broadened 
lingual side and appears to have an extra lin- 
gual (third) root, in contrast to the double- 
rooted condition in other species of Amphic- 
ticeps. The P4 is typical of the genus, with a 
complete cingulum surrounding the entire 
tooth. The anterolabial corner of the cingu- 
lum is the strongest, but it does not elevate 
to form a parastyle. Like that of other species 


of Amphicticeps, the P4 protocone is com- 
posed of a raised lingual cingulum. However, 
the protocone is more expanded toward the 
lingual side than in the other species of the 
genus. As in the other two species of Am- 
Phicticeps, there is a low crest on the labial 
side of the protocone. The broad-based para- 
cone has an anterior ridge leading up to the 
cingulum. 

Overall proportions of the M1 have an an- 
teroposteriorly broadened appearance for a 
basal ursoid. The parastyle is large and rises 
above the paracone, but does not reach to the 
same degree of expansion as seen in A. 
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shackelfordi and is more similar to that of A. 
dorog. Likewise, the cingulum adjacent to 
the metacone shows no sign of reduction as 
in A. shackelfordi. Consequently, the angle 
between the labial borders of the P4 and M1 
remains a relatively large 124°, 15° greater 
than in A. shackelfordi but almost identical 
to that in A. dorog. A distinct pre- and post- 
protocrista are present, the latter being slight- 
ly more posteriorly directed than in A. shack- 
elfordi and A. dorog. There is no protoconule 
(paraconule) and the metaconule is only in- 
dicated by a vague platform (probably suf- 
fered from some wear) slightly raised above 
the surrounding areas. The M1 internal cin- 
gulum is broad and thick, much more ex- 
panded than in A. shackelfordi. An anterior 
spur of this cingulum is present near the base 
of the preprotocrista. M2 is missing. Its par- 
tial roots, however, indicate a transversely 
broadened M2 whose lingual border is more 
internal than that in the M1. Its labial border 
is flush with that of M1, similar to that in A. 
dorog but in contrast to a lingually shifted 
M2 in A. shackelfordi. 

COMPARISON: Amphicticeps makhchinus 1s 
the largest species of the genus so far known. 
It is 16% larger than A. dorog and 32% larg- 
er than A. shackelfordi (based on measure- 
ments of P4 labial length). It is 62% larger 
than Amphicynodon teilhardi. Besides its 
large size, A. makhchinus is also the most 
hypocarnivorous species in the genus. Dental 
features that indicate such hypocarnivory in- 
clude an enlarged but low-crowned P4 pro- 
tocone, a reduction of M1 parastyle, expan- 
sion of M1 lingual cingulum, a reduced angle 
between lingual borders of P4 and M1, and 
an enlarged M2. 

Dental morphology of Amphicticeps 
makhchinus is reminiscent of certain ursids, 
particularly a basal ursid such as Cephalo- 
gale, so far known mostly in the Oligo- 
Miocene of Eurasia and North America. In 
particular, the French early Oligocene Quer- 
cy fissure fills produced some of the most 
primitive forms (e.g., Cephalogale minor). 
Similarities between A. makhchinus and Ce- 
Phalogale include an enlarged grinding part 
of the dentition (M1—2) at the expense of the 
shearing part (P4). More specifically, A. 
makhchinus has a low, shelflike P4 protocone 
and a quadrate outline on M1, features often 
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seen in Cephalogale. However, structural de- 
tails of these features tend to argue against a 
true homology in the hypocarnivorous den- 
titions shared between A. makhchinus and 
Cephalogale. For example, the P4 protocone 
in all ursids (including Cephalogale) is 
formed by a swollen lingual cingulum, often 
in the form of a crest instead of a conical 
cusp, that has receded far back from the an- 
terior border of the tooth, in contrast to an 
essentially conical protocone located on the 
anterolingual corner of P4 in A. makhchinus. 
Another derived character for the Ursidae is 
a posteriorly oriented postprotocrista of M1. 
This is a highly consistent feature among all 
known ursids. Such a condition is lacking in 
A. makhchinus (although wear in this region 
in the holotype of A. makhchinus renders our 
observation less certain). Finally, all ursoids, 
including the commonly acknowledged basal 
ursoids such as Amphicynodon, have a highly 
reduced parastyle and lingual cingulum on 
M1, in sharp contrast to a still relatively 
prominent parastyle in A. makhchinus. 

Conversely, everything about Amphicti- 
ceps makhchinus is consistent with other spe- 
cies of Amphicticeps, despite its modest de- 
viations toward the direction of hypocarni- 
vory. Our inclination to assign it to Amphic- 
ticeps is further helped by the transitional 
nature of A. dorog between A. shackelfordi 
and A. makhchinus—in just about every as- 
pect of its dental morphology A. dorog bridg- 
es the gap between the extremes in A. shack- 
elfordi and A. makhchinus. In the final anal- 
ysis, given what we know, it is easily con- 
ceivable that a series of three endemic 
species of Amphicticeps form a clade in the 
early Oligocene of central Asia. 


Amphicynodon Filhol, 1881 


COMMENT: Cirot and Bonis (1992) recently 
revised the taxonomy of the genus Amphi- 
cynodon and furnished a cladistic relation- 
ship for included species. However, their di- 
agnosis of the genus is almost entirely based 
on primitive characters (Cirot and Bonis, 
1992: 105): “‘arctoide primitive; crane alongé 
et bas, bulle ossifiée, fosse supraméatale su- 
perficielle, canal de l’alisphénoide present,” 
which essentially describe the morphotypical 
condition for a basal arctoid but shed no light 
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of whether or not the genus forms a natural 
clade. As such the concept of Amphicynodon 
remains a grade of small, primitive arctoids 
that are not easily placed in other genera of 
carnivorans of similar ages. 

Ten species of Amphicynodon were rec- 
ognized by Cirot and Bonis (1992; see Bas- 
kin and Tedford, 1996, for a possible North 
American species). With the exception of A. 
teilhardi and A. mongoliensis (see below), all 
are from Europe and most are produced from 
the classic Quercy fissure fills. As defined by 
Cirot and Bonis, their concept of Amphicy- 
nodon offers a measure of morphological 
consistency, despite primitive status of most 
of their features. The limited scope of their 
phylogenetic analysis (within the genus), 
however, does not permit a sense of overall 
relationships among basal arctoids, nor does 
it address the question of to what extent the 
genus might be paraphyletic, given that cer- 
tain derived forms (such as Pachycynodon 
and Cephalogale) may have arisen from 
within the genus. Such questions are difficult 
to address because most of the species of 
Amphicynodon are still represented by frag- 
mentary jaws and teeth only. A comprehen- 
sive analysis of basal arctoids at the species 
level is not feasible. Our Mongolian materi- 
als, though significantly improved over those 
available for previous studies, are still not as 
complete as their European counterparts. 


Amphicynodon teilhardi (Matthew and 
Granger, 1924) 
Figures 10—14; Tables 2, 6, 7 


Cynodon (Pachycynodon) teilhardi Mat- 
thew and Granger, 1924: 9, fig. 6D. 

Amphicynodon teilhardi (Matthew and 
Granger): Mellett, 1968: 11; Lange-Badré 
and Dashzeveg, 1989: 139; Cirot and Bonis, 
1992-119; fig. 13;"Dashzeves, 1996: 3. 

Cynodictis mongoliensis Janovskaja, 1970: 
73, figs. 2-6. 

Amphicynodon mongoliensis (Janovskaja): 
Cirot and Bonis, 1992: 119. 

Ho.LotyPe: AMNH 19007, left ramal frag- 
ment with m1l—2 and m3 alveolus. 

Type Loca.ity: Loh, in Tsagan Nor Basin, 
eastern Valley of Lakes, Obor-Khangay 
Province, in north-central Mongolian Peo- 
ple’s Republic. In Tatal Member (“‘lower red 
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beds’’) of Hsanda Gol Formation, early Oli- 
gocene. 

REFERRED SPECIMENS: AMNH 19014, right 
ramal fragment with pl-—3, field no. 73; 
AMNH 19129, left ramal fragment with m1, 
from 10 mi west of Loh, “‘Grand Canyon’’; 
AMNH 21628, left maxillary fragment with 
P2—4, field no. 532; AMNH 21673, left ra- 
mal fragments with p2, m1-—3, and alveoli of 
c—pl, field no. 531, ‘‘Grand Canyon’’; 
AMNH 84198, isolated left m1, field no. 
531, ““Grand Canyon’; AMNH 84212, left 
ramal fragment with m2—3 and m1 alveolus, 
field no. 532; MAE SG.8162, left ramus with 
p2—m1 (broken); MAE SG.9198—201, basi- 
cranium and maxillary fragments with left 
P2 and P4—M2 (AMNH cast 129861), and 
right M1—2, from loc. MAE M-174, 2 mi 
southwest of the Loh, on east side of a ridge, 
45°16'14"N, 101°46'02”E, found not far 
above a brown sandstone layer, a local equiv- 
alent of the basalt lava (MAE M-174 is still 
within the Ulaan Khongil fauna that contains 
most specimens of Amphicticeps shackelfor- 
di in Shand Member); MAE SG.9193, right 
maxillary fragment with P4—M2, from local- 
ity MAE 95-M-50, the Main Camp Locality, 
Tatal Gol, in Tatal Member; MAE SG.95.7488, 
left ramal fragment with broken p4 and m1; 
PST 17/34, anterior half of skull with com- 
plete right upper incisors, broken left and 
right canines, and complete left and right P2— 
M2, from Tatal Gol (Ulaan Khongil); PIN 
475-3016, holotype of Cynodictis mongo- 
liensis (Janovskaja, 1970: figs. 2—3), partial 
skull with complete left and right upper teeth 
and left ramus with p2—m3, from Tatal Gol 
(fig. 14); PIN 475-1388, partial palate with 
P3—M2 (Janovskaja, 1970: fig. 4); ZPAL 
MeM III/96, right ramal fragment with p3— 
m2 and m3 alveolus, Tatal Gol (Lange-Badré 
and Dashzeveg, 1989: 139); and ZPAL MgM 
111/97, left ramal fragment with p3—m1, Tatal 
Gol. 

DISTRIBUTION: Early Oligocene of north- 
central Mongolian People’s Republic. Dash- 
zeveg (1996: fig. 1) reported that Amphicy- 
nodon teilhardi occurs in both the lower Ta- 
tal Member and upper Shand Member of the 
Hsanda Gol Formation. An undescribed re- 
cord was reported in the early Oligocene 
Khatan-Khayrkhan locality of Altai Province 
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of Mongolia by Russell and Zhai (1987: 
324). 

EMENDED DIAGNOsIs: As the only known 
species from Asia, Amphicynodon teilhardi 
differs from all European species of the ge- 
nus, except A. velaunus, in its shortened m2, 
along with a correspondingly reduced M2, in 
contrast to a primitively long m2 and large 
M2 in most European species. A. teilhardi 
primitively retains a distinct posterior acces- 
sory cusp on p4, which is lost or extremely 
reduced in the European A. gracilis, A. spe- 
ciosus, and A. velaunus. A. teilhardi further 
differs from European A. typicus, A. gracilis, 
and A. crassirostris in its relatively low hy- 
poconid of m1 with wrinkled enamel, in con- 
trast to a trenchant talonid in the latter three 
species. 

DESCRIPTION: PST 17/34 offers the best 
cranial morphology among all materials. Al- 
though it is missing the posterior one-third 
of the skull, the remaining skull of PST 17/ 
34 is nearly perfectly preserved and offers 
fine details of bony and dental structures. 
Another cranial fragment, MAE SG.9198— 
201, is less complete on the anterior part 
(consisting of a heavily crushed partial ros- 
trum plus left orbital region) but preserved a 
partial left basicranium. In addition, we are 
in possession of a cast of a partial skull and 
mandible from the collection of the Russian 
Paleontological Institute, PIN 475-3016 (ho- 
lotype of Cynodictis mongoliensis). In com- 
bination, much of the skull, except the pos- 
terodorsal portion, is known. 

Skull (figs. 10, 11): The overall proportion 
of the skull is less specialized than that of 
Amphicticeps. The rostrum is not shortened 
and broadened and the temporal region is not 
elongated, as in the latter. The premaxillaries 
form a thin blade on either side of the nasal 
opening. The entire premaxillary is pre- 
served. The posterior process of the premax- 
illary does not touch the anterior process of 
the frontal, and ends near the posterior tip of 
the canine root at the level of P1. Both nasals 
are broken anteriorly, and their posterior tips 
end at roughly the same level as the maxillary- 
frontal suture. The frontal process inserts be- 
tween the nasal and maxillary and ends an- 
teriorly at the level of the P2 main cusp. The 
frontal is slightly domed, in contrast to a flat 
forehead in Amphicticeps. The postorbital 
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process is small and does not have the dis- 
tinct protrusion seen in Amphicticeps. The 
orbit is relatively large and is of approxi- 
mately the same size as that of Amphicticeps, 
which has a much larger skull. The distance 
between the postorbital process and postor- 
bital constriction is 7 mm on PST 17/34 and 
9 mm on MAE SG.9198-—201, significantly 
shorter than the 12 mm of Amphicticeps, and 
thus has a far shorter temporal region than 
the latter. Furthermore, the postorbital con- 
striction is not so narrow as in Amphicticeps. 
The temporal crests are very indistinct, and 
they converge more slowly toward the sag- 
ittal crest than in Amphicticeps. In PST 17/ 
34, the temporal crests do not fully converge 
at the posterior edge of the broken skull, and 
the sagittal crest, if present, is not preserved. 

In lateral view, the orbital region is best 
preserved on the right side of PST 17/34 
(fig. 11). It is complemented by the partially 
preserved left orbital region of MAE 
SG.9198—201. The orbital mosaic is quite 
similar to that of Amphicticeps in several re- 
spects: a short infraorbital canal, presence of 
a shallow fossa in front of the antorbital rim 
(less developed in PST 17/34), a small, 
nearly rounded lacrimal bone with a lacrimal 
foramen near its anterior aspect, anterior pro- 
cess of jugal in contact with the lacrimal, and 
other topographic relationships among indi- 
vidual bony elements. Perhaps of phyloge- 
netic significance is the shorter postorbital 
area between the postorbital process and 
postorbital constriction. 

In ventral view, the incisive foramen (pal- 
atine fissure) is short and located at the level 
of the anterior aspect of the upper canine. A 
tiny foramen is present along the midline su- 
ture at the junction of the premaxillary and 
maxillary (foramen palatine medialis of Sto- 
ry, 1951), as is commonly seen in arctoids. 
The maxillary—palatine suture is mostly 
fused and difficult to recognize. The palatine 
foramen is somewhat behind the level of the 
P4 protocone. The posterior border of the 
palatine bone is anterior to the posterior bor- 
der of the M2 and is distinctly indented by 
a semicircular notch on either side of the 
midline suture. 

The width of the rostrum across Pls (mea- 
sured on the lingual edge of the alveolus) 
measured 9.4 mm in PST 17/34. That for 
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Fig. 10. Amphicynodon teilhardi, PST 17/34, referred specimen. A, dorsal, B, lateral, and C, ventral 
views of skull. 
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Fig. 11. Dorsolateral aspect of skull in Amphicynodon teilhardi (PST 17/34), showing anatomy of 
the orbital region. Abbreviations are the same as in figure 4, except for Nas, nasal and Prem, premax- 
illary. 
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Fig. 12. Ventrolateral view of the left side of the basicranium of Amphicynodon teilhardi, MAE 
SG.9198—201. Cross-hatched areas indicate unprepared matrix. ac, alisphenoid canal; bo, basioccipital; 
ce, caudal entotympanic; cica, canal for internal carotid artery; ec, ectotympanic; fo, foramen ovale; fv, 
fenestra vestibuli (fenestra ovalis); hm, head of malleus; in, incus; la, lamina; ma, manubrium; mup, 
muscular process; pgf, postglenoid foramen; pgp, postglenoid process; plf, posterior lacerate foramen; 


pr, promontorium; sf, suprameatal fossa. 


the laterally crushed rostrum on MAE 
SG.9198—201 measured 11 mm (restored 
from distorted left and right halves). These 
compare with 15.2 mm for the same mea- 
surement in Amphicticeps shackelfordi—the 
rostrum of Amphicynodon teilhardi is on av- 
erage 49% narrower than the former. Given 
a size difference of 22% for the average 
length of P4 between these two species, the 
width of the rostrum in A. teilhardi is also 
relatively narrower than that of the type spe- 
cies. See additional cranial measurements 
(table 2) for PST 17/34. 

Basicranium (fig. 12): The fragmentary 


Fig. 13. 


materials of MAE SG.9198—201 offer the 
only information about the basicranium of 
Amphicynodon teilhardi. Although heavily 
crushed dorsoventrally, the left side of the 
basicranium of MAE SG.9198-201 pre- 
serves several key anatomical features absent 
in Amphicticeps. The overall basicranial 
morphology of Amphicynodon teilhardi is 
somewhat similar to that of Amphicticeps. 
The most obvious similarities are the pres- 
ence of a shallow suprameatal fossa and a 
laterally expanded squamosal blade for the 
dorsal roof of the external auditory meatus. 
Much of the posterior half of the mastoid 


-> 


Teeth and lower jaw of Amphicynodon teilhardi. A, lateral view of upper teeth, PST 17/ 


34; B, occlusal view of upper teeth, PIN 475-1388; C, occlusal view of upper teeth, PST 17/34, 
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stereophotos; D, occlusal view of lower teeth, AMNH 19007, holotype, stereophotos; E, lingual, and 
F, labial views of lower jaw, AMNH 19007, holotype. All, except E and F, are photographs of a 
polyester cast. Scales = 10 mm. 
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Fig. 14. Stereophotos of a cast of PIN 475-3016 (holotype of Cynodictis mongoliensis Janovskaja, 
1970). A, occlusal view of upper teeth and B, occlusal view of lower teeth. Scales = 10 mm. 


process is lost. However, the process is less 
laterally protruded than in Amphicticeps, 
judged from a more vertically oriented lateral 
wall of the braincase that forms a 90° angle 
with the horizontal squamosal shelf, in con- 
trast to Amphicticeps, in which far more in- 
clined lateral braincase walls (in posterior 
view) almost continue into the mastoid pro- 
cess. The suprameatal fossa is slightly less 
well developed than in Amphicticeps. In par- 
ticular, its lateral half is not so deeply exca- 


vated into the squamosal as in Amphicticeps, 
and it does not have so clear-cut a lateral rim 
as in the latter. 

The basisphenoid area is fragmented, and 
the ventral floor of the alisphenoid canal is 
broken off. However, enough is preserved in 
the area surrounding the foramen rotundum 
to indicate the presence of a canal, that is, 
the presence of a deep groove on the ali- 
sphenoid that probably forms its posterior 
opening. A small foramen opens into the me- 


TABLE 6 
Measurements of Upper Teeth of Amphicynodon teilhardi (in mm) 


MAE 
AMNH — SG.91.9198- 
21628 201 
Length of Cl — — 
Width of Cl — — 
Length of Pl — — 
Width of P1 —— — 
Length of P2 4.4 4.0 
Width of P2 250 1.9 
Length of P3 5.0 — 
Width of P3 29 — 
Labial length of P4 8.0 8.0 
Lingual length of P4 
(protocone to metastyle) 9.2 9.1 
Anterior breadth of P4 5.8 5:9 
Labial length of M1 — 5.6 
Max. transverse width M1 — 8.6 
Longitudinal length of M2 — Zul 
Max. transverse width M2 — Se 


Alveolar distance PI—M2 — — 


MAE PST PIN PIN 
SG.9193 17/34 475-1388 475-3016 
— 4.9 — 3.1 
— DF — 2 
— — — 29 
— — — 1.7 
— 39) — pe? 
— Ly — 2.0 
— 4.6 5.4 4.8 
— 22} 221 2.6 
7.8 7.4 7.6 ey 
8.9 8.2 9.4 8.9 
wd 4.9 5.4 5.4 
ae ie 5.8 6.2 6.0 
Fie 8.2 8.8 — 
2.4 2:3 25 2.5 
Be 4.4 4.5 4.3 
— 25.7 — — 
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TABLE 7 
Measurements of Lower Teeth of Amphicynodon teilhardi (in mm) 


MAE MAE ZPAL ZPAL ZPAL 

AMNH AMNH AMNH AMNH AMNH AMNH SG. SG.95. MgM MgM MgM 

19007 19129 21673 84212 84198 19014 8162 7488 I/96 III/97 II/98 
Length of pl — — — — — — — — — — — 
Width of pl — — — — — — — — — — — 
Length of p2 — —- 4.4 — — 4.3 — — — — — 
Width of p2 — — 222, — — 2n3 — — — — — 
Length of p3 — — —— — — 4.8 4.5 — — -= — 
Width of p3 — — — _— — 26 BD — — — — 
Length of p4 — = — — — — D2 — 5.5 Se 30) 
Width of p4 — — — — — — 24 — 2.6 2 2.9 
Length of ml 8.6 79 8.7 — 8.9 — — 8.0 Ved = — 
Trigonid length of m1 5.4 4.9 oa) —- 5.4 — —— Sel — — — 
Trigonid width of ml 4.1 3.6 4.2 — 4.0 — — 3.6 3.8 — i 
Talonid width of ml 3.8 333 319 ~- 4.1 — —— 320 — — — 
Length of m2 3.0 — ae 3.9 — — — — 2.8 — — 
Width of m2 oe ~- 3.4 3.9 — oe — — 26 —- — 
Length of m3 — — DD 2.0 — — — — — — — 


dial wall of the canal at the level of its pos- 
terior opening. 

The postglenoid process is large, forming 
a long ventral hook for articulation with the 
condyle of the mandible. At the posterior 
base of the postglenoid process, behind the 
postglenoid foramen, there is a triangular 
piece of ectotympanic still firmly attached to 
the basicranium. Part of the anterior ectotym- 
panic ring for attachment of the tympanic 
membrane is also preserved. The ectotym- 
panic does not extend laterally far beyond the 
postglenoid foramen, indicating no or a very 
short bony external auditory meatus. On the 
medial side, along the suture between pro- 
montorium and basioccipital, several broken 
pieces of the entotympanic are still preserved 
and cover the internal carotid canal. The ven- 
tral flooring of the canal, presumably formed 
by the caudal entotympanic, forms a gentle 
curve in a typical primitive arctoid fashion, 
leading toward the middle lacerate foramen. 
The presence of this medially positioned ca- 
rotid canal further confirms our conclusion 
that there is no promontorial artery in Am- 
Phicynodon and Amphicticeps, despite of the 
sulci on ventral surface of the promontorium 
in the holotype of Amphicticeps shackelfordi 
(see description under that species). No sul- 
cus is visible on the promontorium of A. feil- 
hardi. 


The promontorial part of the petrosal has 
been pushed dorsally toward the brain cavity, 
and its ventral surface is unnaturally rotated 
into a vertical orientation. The ventral pro- 
montorial surface has thus become laterally 
facing and is partially hidden beneath the lat- 
eral edge of the basioccipital. The postmor- 
tem crushing of the promontorium into the 
brain cavity, however, is apparently benefi- 
cial for the preservation of a nearly complete 
malleus and incus, which occupy the space 
originally occupied by the promontorium. 

The malleus lies on its medial side with 
the lateral surface (for attachment of the tym- 
panic membrane) of the manubrium facing 
ventrally. The malleus has a rather slender 
construction but is of large size—the head to 
manubrium tip (broken) measures 5.8 mm. 
The lateral process is inconspicuous. The 
muscular process (for insertion of m. tensor 
tympani) is broken near its base and its main 
body sticks out between the anterior process 
and the manubrium instead of its original po- 
sition, pointing away from the plane of tym- 
panic membrane. This slightly dislocated 
muscular process is very large and has a 
broad distal end, which contrasts with the 
much reduced condition in living ursids (Se- 
gall, 1943). The neck is slender and forms a 
smooth curve between the head and the ma- 
nubrium. The head is not enlarged as in pin- 
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nipeds (Wyss, 1987). The sharp-tipped an- 
terior process completes the anterior rim of 
a circular lamina. Much of the incus is buried 
beneath the head of the malleus. Only the 
processus brevis is fully exposed. 

Upper teeth (figs. 13 A—C, 14): Most of the 
upper dentition is now known. Upper inci- 
sors in PST 17/34 are all broken and the 
crown morphology is no longer preserved. 
The roots indicate progressively enlarged in- 
cisors from I1 to I3, with the I3 almost twice 
as large as the I1. All incisor roots are me- 
diolaterally compressed. The left and right 
I3s in PIN 475-3016 are preserved and are 
slightly precumbent in lateral view, as is also 
the case in PST 17/34. The upper canines 
on both sides are also broken in PST 17/34, 
preserving only the roots. The canine roots 
are oval in cross section. The canines in PIN 
475-3016 are present. The canine crowns are 
smooth surfaced and their tips curve back- 
ward slightly. 

The cheek teeth are evenly spaced with 
short alveoli between all premolars in PST 
17/34 but slightly more tightly spaced in PIN 
475-3016, in contrast with crowded premo- 
lars of Amphicticeps due to its shortened ros- 
trum. P1 is only seen in PIN 475-3016, and 
is single rooted. It has a simple main cusp 
and an indistinct cingulum anteriorly and 
posteriorly. The P2s are single cusped and 
are more slender than that of Amphicticeps. 
A rather tall and erect main cusp has a pos- 
terior ridge and an anterolingual ridge. The 
anterior and posterior cingula are slightly 
more distinct than in the Pls, but there is no 
cingular cusp on either end. The cingulum is 
continuous on the lingual side and discontin- 
uous on the labial side. The main distinction 
between P3 and P2, besides a larger size and 
more prominent cingulum in the P3, is a 
slight swelling on the posterolingual cingu- 
lum of the tooth, but there is no extra root 
beneath this swelling. The morphology of P4 
is similar in overall construction to that of 
Amphicticeps, except for a much smaller pro- 
tocone. A distinct cingulum surrounds the 
entire tooth. The anterior cingulum is partic- 
ularly well developed, as is the parastyle. 
However, the parastyle is not cusplike but 
more like a wide cingulum. As in Amphic- 
ticeps, the anterior border of the P4 proto- 
cone is slightly ahead of the parastyle. The 
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protocone apex is clearly continuous with the 
lingual cingulum. The cuspidate protocone 
has an indistinct ridge on the labial side of 
the cusp. The paracone has a distinct anterior 
ridge reaching up to the parastyle, and a less 
distinct anterolingual ridge that reaches to 
the base of the protocone. A deep carnassial 
notch separates the paracone from the me- 
tastylar blade. 

The overall construction of M1 is less hy- 
percarnivorous than that of Amphicticeps. 
The M1 parastyle is substantially reduced as 
compared to those of Amphicticeps, even for 
the least developed M1 parastyle in A. makh- 
chinus. A vague notch separates the parastyle 
and paracone. The labial cingulum is slightly 
swollen around the paracone in PIN 475— 
3016 and around the right M1 of PST 17/ 
34, similar to the swellings in Amphicticeps 
shackelfordi. The labial cingulum near the 
metacone is not so reduced as in Amphicti- 
ceps; this is especially so in MAE SG.9193. 
Together, the smaller parastyle and less re- 
duced labial cingulum along the metacone 
give M1 a more quadrate look. The labial 
borders of P4 and M1 form an angle of 127°, 
18° larger than in Amphicticeps shackelfordi. 
The differences in size and height between 
paracone and metacone are also relatively 
smaller than in Amphicticeps. There is a 
well-developed preprotocrista and postpro- 
tocrista. There is no protoconule, except a 
slight swelling in PST 17/34, which is ab- 
sent in the Russian specimens. The postpro- 
tocrista is essentially posteriorly oriented, 
particularly so in PST 17/34, leaving a 
broad valley between the postprotocrista and 
metacone. A metaconule is only vaguely sug- 
gested by a low and indistinct swelling at the 
posterior end of the postprotocrista and by a 
slight notch toward the posterior end of the 
postprotocrista. The internal cingulum (hy- 
pocone) surrounds the entire protocone, al- 
though its anterior segment is narrower. This 
anterior extension in front of the protocone, 
less well developed in MAE SG.9193, has a 
narrow spur near the base of the preproto- 
crista. 

M2 has the same distinct shape as in Am- 
Phicticeps, reaching the same stage of reduc- 
tion and acquiring the same peculiar cusp 
pattern as in the latter, although this tooth 
tends to vary more than does M1. A large 
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paracone is located at the labial border of the 
tooth, whereas the metacone is reduced to a 
faint cusp at the posterior border (that in 
PST 17/34 is more distinct). The protocone 
is relatively large and is in the middle of the 
tooth, followed lingually by a broad cingular 
shelf. The main feature to be distinct from 
that of Amphicticeps is its less lingually shift- 
ed position. Instead of being flush with the 
lingual border of the M1 as in Amphicticeps 
shackelfordi, the lingual border of M2 in Am- 
phicynodon is slightly lateral to the M1 lin- 
gual border. 

Lower teeth (figs. 13D—E, 14): Lower jaws 
figured by Janovskaja (1970: figs. 3, 5, 6) 
substantially improved the knowledge of 
Amphicynodon teilhardi over the original 
topotype series. The following descriptions 
of the ramus are based on figures published 
by Janovskaja. Her dental illustrations, how- 
ever, lack sufficient details for useful com- 
parisons, and have exaggerated the length of 
the m2 (see table 7 and comparison below), 
a critically important feature of this species. 
Our dental descriptions are mainly based on 
a cast of the PIN 475-3016, as well as more 
fragmentary materials from the AMNH. 

The horizontal ramus is relatively slender 
compared to that of Amphicticeps. The as- 
cending ramus has a rather erect anterior bor- 
der. The angular process is slender and point- 
ed. No lower incisor is preserved. The lower 
canine hooks backward slightly. The lower 
premolars are relatively more slender than 
those of Amphicticeps. The pl is not pre- 
served. The p2 has a simple main cusp and 
a very vague cingulum. The p3 begins to 
have a tiny posterior accessory cusp and a 
slightly more distinct cingulum. The p4 pos- 
terior accessory cusp is further enlarged, and 
its cingulum surrounds the entire tooth. The 
anterior cingulum has a hint of developing 
into an anterior cingular cusp, and the pos- 
terior cingulum is also slightly elevated. 

The m1 trigonid is tall crowned. The meta- 
conid is approximately the same height as the 
paraconid. The metaconid is on the lingual 
side of the protoconid, not trailing behind the 
protoconid as seen in most ursids. A cingu- 
lum is present on the entire labial margin of 
m1 but is only vaguely present on the lingual 
side of the paraconid. The m1 talonid is low, 
especially the hypoconid. The hypoconid is 
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largely crestlike and is oriented at a slight 
angle from the anteroposterior axis of the 
tooth. Anteriorly, the hypoconid crest ends at 
the base of the protoconid just below its 
apex. The entoconid consists of a low ridge, 
rather like a cingulum. Together with the hy- 
poconid, the entoconid encloses a broad ba- 
sin on the talonid. The talonid cusps are dec- 
orated with fine wrinkles. The m2 is small 
and distinctly short; its length and width are 
nearly identical. No paraconid is visible. A 
protoconid and metaconid are of equal height 
and positioned on the borders of the tooth, 
such that a central valley essentially runs 
through the length of the tooth. A small cris- 
tid connects between the protoconid and 
metaconid in the holotype but is absent in 
PIN 475-3016. On the talonid, the hypocon- 
id is far better developed than the entoconid, 
which is absent in the holotype. A small m3 
is present in all specimens that preserve this 
part of the jaw. It is formed by a small, 
rounded, peglike structure with a surround- 
ing cingulum but without a distinct cusp pat- 
tern. 

COMPARISONS: The topotype series of Am- 
Phicynodon teilhardi consists of a few jaw 
fragments and lower teeth without upper 
teeth. Based on such meager materials, Mat- 
thew and Granger (1924: 8) were initially 
ambivalent in their assignment of this species 
to Cynodon (Amphicynodon of current us- 
age): ““This species can be referred only pro- 
visionally until better specimens are avail- 
able. It appears to fall within Pachycynodon 
rather than the typical Cynodon, by Teil- 
hard’s key to the Phosphorite genera,”’ in ref- 
erence.'to, Tedhard «dé Chatdin-s- ClO 15) 
monographic revision on Quercy carnivorans 
that dealt with these genera. The first major 
breakthrough in the state of knowledge of 
this species came by a crushed but associated 
skull and lower jaw (PIN 475-3016; fig. 14) 
along with a few more specimens collected 
by the 1946-1949 Expeditions of the Soviet 
Academy of Sciences. The Russian collec- 
tion was described as a new species, Cynod- 
ictis mongoliensis, by Janovskaja (1970). 
While describing three additional jaw frag- 
ments collected by the Polish-Mongolian Pa- 
leontological Expeditions in the 1960s, 
Lange-Badré and Dashzeveg (1989: 141), 
however, argued that “‘there are no signifi- 
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cant morphological or biometrical differenc- 
es between C. mongoliensis and A. teilhardi 
and those that exist represent no more than 
intraspecific variation.’’ More recently, Cirot 
and Bonis (1992), in their phylogenetic anal- 
ysis of the species of Amphicynodon, chose 
to leave Amphicynodon mongoliensis as a 
valid species, and in their cladogram, placed 
it next to A. teilhardi as the sister-species 
forming an Asiatic clade. 

Although we are unable to examine the 
three jaw fragments in the ZPAL collection 
(Lange-Badré and Dashzeveg’s measure- 
ments for the holotype of A. teilhardi are ap- 
parently an underestimate), we have access 
to casts of two PIN specimens in the topo- 
type series of C. mongoliensis. With the ad- 
dition of even better materials from the MAE 
collections, we are in a position to evaluate 
morphological variations of at least 20 spec- 
imens (see table 7). Although the increased 
sample size naturally leads to a slight in- 
crease in variations, the coefficient of varia- 
tion for most dental measurements generally 
falls between 5% and 8%, a range not un- 
common for small carnivorans (e.g., Wang et 
al., 1999). The only exceptions are for the 
upper canines, which tend to be more di- 
morphic among arctoids, and the m2s, which 
have the least occlusal constraint because of 
their flat grinding surfaces. Cirot and Bonis 
(1992: 119 and fig. 16) noted the rather long 
m2 in A. mongoliensis, apparently on the ba- 
sis of Janovskaja’s (1970: fig. 3) illustration 
of the holotype, and assigned this presumed 
long m2 as an autapomorphy for the species. 
Our own examination of a plaster cast of PIN 
475-3016 shows no elongation of the m2 
(fig. 14). In fact, our own measurements on 
the cast indicate a shorter length than the 
width for the m2 (3.0 mm in length and 3.2 
mm in width), in sharp contrast to an elon- 
gated m2 shown in Janovskaja’s figure. It 
seems clear that the m2 length in Janovska- 
ja’s illustration was exaggerated (the lack of 
morphological details in her illustration of 
the m2 further undermines the reliability of 
her published line arts). In our examinations 
of the rest of the dentitions, we failed to de- 
tect any substantial difference, either in size 
or shape, between the Russian collection and 
the rest of the samples. We thus fully agree 
with Lange-Badré and Dashzeveg that Cy- 
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nodictis mongoliensis is synonymous with 
Amphicynodon teilhardi. The combined ma- 
terials from AMNH, PIN, ZPAL, and MAE 
allow more confident assignments of frag- 
mentary specimens and, as a result, increased 
morphological cohesion of this species. 
Lange-Badré and Dashzeveg (1989: 141) 
chose to compare the Mongolian form with 
three Quercy species of Amphicynodon: A. 
typicus, A. leptorhynchus, and A. gracilis. 
They concluded that A. teilhardi was closer 
to A. leptorhynchus or A. typicus than to A. 
gracilis. Characters that were cited to indi- 
cate such a relationship include the wrinkled 
enamel and a reduced m2 paraconid. A re- 
vision of the systematics and phylogeny of 
Amphicynodon by Cirot and Bonis (1992: 
119 and fig. 16), on the other hand, recog- 
nized 10 valid species, 8 European and 2 
Asian, and suggested a relationship almost 
opposite to that suggested by Lange-Badré 
and Dashzeveg. Cirot and Bonis placed A. 
teilhardi (along with A. mongoliensis; see 
comments above) as the sister-taxon to the 
terminal clade formed by A. gracilis and A. 
cephalogalinus, whereas A. leptorhynchus 
and A. typicus are further down the tree in 
more basal positions. A critical synapomor- 
phy cited in support of above relationship 
was a “‘trigonide de M/1 disjoint”? shared by 
A. teilhardi, A. gracilis, and A. cephalogali- 
nus (Cirot and Bonis, 1992: fig. 16, node 10). 
In their remarks on A. teilhardi (Cirot and 
Bonis, 1992: 119), this character was ex- 
plained as an open trigonid due to a reduc- 
tion and a posterior position of the metaconid 
of ml (“un trigonide ouvert en raison de la 
réduction et de la position reculée du méta- 
conide’’). Lange-Badré and Dashzeveg’s 
character, a reduced m2 paraconid, was 
pushed further down the tree by Cirot and 
Bonis and was shared by A. velaunus, A. lep- 
torhynchus, A. teilhardi, A. gracilis, and A. 
cephalogalinus. While it is beyond our scope 
to reevaluate species relationships of Amphi- 
cynodon, we note that Cirot and Bonis’s 
character of a disjoint ml trigonid is not 
readily apparent in their illustrations of three 
of the four species of Amphicynodon that are 
supposed to share it. On the other hand, their 
illustration of A. leptorhynchus (Cirot and 
Bonis, 1992: fig. 3), a species that was sup- 
posed to possess a primitive condition for 
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this character, shows a more posteriorly dis- 
placed m1 metaconid than in any other spe- 
cies. Our own examination of some of Cirot 
and Bonis’ materials in the Université de 
Poitiers, which form the partial basis of their 
systematic revision, fails to substantiate the 
validity of this character. Such a character, if 
it does exist, must be quite subtle at this stage 
of its evolution. In our observations, the 
presence and absence of an m2 paraconid 
does seem to be a valid character that unites 
some species of Amphicynodon, including A. 
teilhardi. 

As for the generic status of the Mongolian 
species, Lange-Badré and Dashzeveg (1989: 
141) rejected the initial suspicion by Matthew 
and Granger (1924) that the Hsanda Gol form 
was closer to the European Pachycynodon 
than to Amphicynodon: “‘C. teilhardi belongs 
unquestionably to the genus Amphicynodon. 
It differs from Pachycynodon in the situation 
of the metaconid on m1, in the open basin, in 
the wrinkled enamel, in the reduced paraconid 
and entoconid in m2 and in the ratios of the 
talonid and trigonid on m2.’’ Cirot and Bonis 
(1992) more explicitly placed A. teilhardi 
among the rest of the European species of the 
genus. In light of the entire dentition available 
in this study, A. teilhardi falls within the over- 
all parameters of the genus. However, since 
Amphicynodon, as a basal ursoid, was long 
suspected to have given rise to other clades 
(e.g., Teilhard de Chardin, 1915), it is likely 
a paraphyletic genus in a strict cladistic 
sense—various species may ultimately be 
shown to be more closely related to other 
clades. Until a comprehensive, species-level 
phylogenetic analysis is done, current con- 
cepts of Amphicynodon remain largely gra- 
dational. See table 1 for more contrasts of 
morphological differences between Amphicti- 
ceps and Amphicynodon. 


?Cephalogale sp. 
Figure 15A—C 


REFERRED SPECIMEN: MAE SG.97.5396, 
left ramal fragment with m2. 

COMMENTS: MAE SG.97.5396 (fig. 15SA-— 
C) is clearly not assignable to the Hsanda 
Gol ursoids discussed above. The size of the 
m2 indicates an animal of the size of Am- 
pPhicticeps dorog, but it does not have the 
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extremely shortened m2 of the latter. Indi- 
cating its primitive status, MAE SG.97.5396 
has a paraconid platform in front of the pro- 
toconid, and the paraconid is separate from 
the protoconid by a weak notch. A paraconid 
is absent in the Hsanda Gol Amphicticeps 
and Amphicynodon. Furthermore, the proto- 
conid and metaconid are not widely separate 
from each other, as in both of the above gen- 
era. The morphological condition in MAE 
SG.97.5396 evokes that of a more primitive 
carnivoran, and the fact that it has an m3 
alveolus tends to suggest a basal arctoid 
among known lineages in this period of time. 

In size and overall proportions, MAE 
SG.97.5396 is closest to a recently described 
small arctoid, Pachycynodon tedfordi Wang 
and Qiu, 2003, from the early Oligocene 
Saint Jacques locality of Chinese Inner Mon- 
golia (see further comments below about its 
generic status). Unfortunately, the m2 on the 
Chinese specimen is too worn to permit de- 
tailed comparisons. 


PARVORDER MUSTELIDA TEDFORD, 1976 


SUPERFAMILY MUSTELOIDEA FISCHER DE 
WALDHEIM, 1817 


Pyctis inamatus Babbitt, 1999 


COMMENTS: Pyctis inamatus was named on 
the basis of a left jaw fragment with p3 (bro- 
ken)—m1 and partial m2 alveolus from the 
Tatal Gol area in a “‘red claystone unit, SW 
of Maikant, 16.9 m above the lava layer in 
the Shand Member” (Babbitt, 1999: 791). 
With an m1 length of approximately 11 mm, 
Pyctis 1s somewhat smaller than Amphicti- 
ceps makhchinus (arctoids tend to have a 
somewhat shorter P4 than m1; the reverse is 
true between Pyctis and A. makhchinus) but 
falls in the range of A. dorog (see measure- 
ments in tables 3, 5). Pyctis is highly hyper- 
carnivorous with an extremely trenchant ml 
talonid, which has a single, centrally located 
hypoconid, along with the complete loss of 
ml metaconid. This dental pattern is almost 
exactly opposite to that in A. makhchinus, 
which tends toward the hypocarnivorous di- 
rection. Pyctis is also more hypercarnivorous 
than A. dorog, which still retains a substan- 
tial ml metaconid and entoconid. Another 
important difference between A. dorog and 
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Fig. 15. A, stereophotos of occlusal view of left m2, B, labial view of jaw, and C, lingual view of 
jaw of MAE SG.97.5396, ?Cephalogale sp. D, stereophotos of occlusal view of right m1—2, E, labial 
view of jaw, and F, lingual view of jaw of IVPP V10527.1, ?Amphicticeps sp. G, stereophotos of right 


M1, ?Amphicticeps sp. Scales = 10 mm. 


Pyctis is the presence of a posterior acces- 
sory cusp on the p4 of the former, which is 
lacking in the latter. 

Babbitt (1999) compared Pyctis with some 
basal mustelids from the early Miocene of 


Europe, such as Plesiogale and Paragale, 
and she also made comparisons with later 
Eurasian forms, such as Eomellivora and 
Mellivora. Given the poor condition of the 
holotype, she did not draw definitive system- 
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atic conclusions, except placing it in the fam- 
ily Mustelidae. 

Pyctis also shares some resemblance to 
certain oligobunines (a group of basal mus- 
teloids) in the late Oligocene through early 
Miocene of North America (Baskin, 1998a), 
such as Oligobunis and Megalictis, which 
also have a highly hypercarnivorous lower 
carnassial and reduced posterior accessory 
cusp on p4. On the other hand, /schyrictis 
and Hoplictis from early to middle Miocene 
of Europe also exhibit tendencies toward hy- 
percarnivory (Ginsburg and Morales, 1992). 
The systematic status of Pyctis will remain 
uncertain without additional materials, par- 
ticularly its upper teeth. 


COMMENTS ON CHINESE BASAL URSOIDS 


Huang (1993) described a right ramal frag- 
ment with p4—m1l (VPP V10527.1) and a 
left ramal fragment with ml (IVPP 
V10527.2) from the early Oligocene Ulan- 
tatal locality, Ulantatal Formation, Inner 
Mongolia (fig. 1). He tentatively referred it 
to? Amphicynodon sp. Huang considered the 
Chinese materials to have a broad m1 talonid 
and therefore similar to that of A. teilhardi. 
However, he was rightly cautious in his as- 
signment of these jaw fragments to Amphi- 
cynodon because of the poor preservation of 
the materials. Indeed, our own examination 
of a cast of IVPP V10527.1 (fig. 15D—F) led 
us to the following observations that the 
Ulantatal materials do not compare well with 
known Asian species of Amphicynodon and 
Amphicticeps. 

Contrary to Huang’s description, the ml 
talonid is not broad—it is substantially nar- 
rower than that of Amphicynodon teilhardi. 
Correlated to this narrow talonid, IVPP 
V10527.1 also has a relatively trenchant ml 
talonid, that is, high crowned m1 hypoconid 
dominating over a low entoconid crest, and 
is in contrast to a flat, basin-like talonid in 
A. teilhardi, as well as in most known Eu- 
ropean species of Amphicynodon. Of the 10 
species of Amphicynodon recognized by Cir- 
ot and Bonis (1992), only three European 
species are known to have a high hypoconid: 
A. typicus (FSP PC 46 from Pech Crabit, Cir- 
ot and Bonis, 1992: fig. 14), A. gracilis 
(MNHN QU 9192 in Cirot and Bonis, 1992: 
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fig. 11), and A. crassirostris (personal obser- 
vation on an uncataloged specimen of Musée 
de Gaillac). Another prominent feature of 
IVPP V10527.1 is its high-crowned p4 that 
lacks of a posterior accessory cusp, a char- 
acter also relatively rare among known spe- 
cies of Amphicynodon. Only two European 
species of Amphicynodon approach this con- 
dition—A. gracilis and A. speciosus (Cirot 
and Bonis, 1992: figs. 7, 11) lost the poste- 
rior accessory cusp, and a third species, A. 
velaunus, has nearly lost this cusp (Cirot and 
Bonis, 1992: fig. 1). It thus appears that [VPP 
V10527.1 is best compared with A. gracilis 
in terms of the p4. Our own comparisons 
with a referred specimen of A. gracilis (MM 
11, see Teilhard de Chardin, 1915: pl. VU, 
fig. 2) further confirm the above observation, 
although this specimen is much smaller than 
the Inner Mongolian form. On the other 
hand, the overall morphology of the ml of 
IVPP V10527.1 is closest to that of Amphic- 
ticeps, particularly in its narrowed talonid 
relative to the laterally bulging trigonid, a 
condition Amphicynodon does not have. Giv- 
en the fragmentary nature of the Ulantatal 
materials, it is difficult to choose between a 
small but aberrant (in terms of the absence 
of a posterior accessory cusp of p4) form of 
the local Amphicticeps or a taxon close to the 
European Amphicynodon gracilis. What 
seems to be certain is that the Inner Mon- 
golian form is not closely related to A. feil- 
hardi. 

Most recently, Wang and Qiu (2003a) de- 
scribed three species of ursoids, based also 
on rather poor materials, from the early Ol- 
igocene Saint Jacques locality (fig. 1), Wul- 
anbulage Formation, Inner Mongolia. A left 
lower jaw with c—m2 (IVPP V12426) was 
named a new species, Pachycynodon tedfor- 
di; a maxillary fragment with M1 (IVPP 
V 12428) was referred to Amphicynodon sp.; 
and an isolated left M2 (IVPP V12429) was 
referred to Cephalogale sp. Of these, P. ted- 
fordi has the best material available and is 
also the least similar to known forms in Asia. 
For one thing, it has a rather long m2, unlike 
any known Asian Amphicynodon or Amphic- 
ticeps, but is consistent with an elongated m2 
talonid in Pachycynodon. However, P. ted- 
fordi also has narrow and trenchant cheek 
teeth, in sharp contrast to European species 
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of Pachycynodon that tend to have broad 
premolars and molars. Such relatively hyper- 
carnivorous features are also seen in certain 
European specimens of Cephalogale. In par- 
ticular, a posteriorly expanded m2 hypoconid 
is frequently associated with a posteriorly 
oriented M2 postprotocrista, a diagnostic fea- 
ture for Cephalogale. This long hypoconid 
occludes with the posteriorly opened trigon 
basin of the M1 due to the reorientation of 
its postprotocrista. [VPP V12426 is particu- 
larly close to Cephalogale minor. For ex- 
ample, FSP PFRA 32, from the Pech du 
Fraysse locality of the Quercy district in the 
late Oligocene (Paleogene biochronological 
level MP 28; BiochroM’97, 1997), has pro- 
portions very similar to the lower cheek teeth 
of IVPP V12426. C. minor, as currently con- 
ceived, shows substantial variation (Beau- 
mont, 1965; Bonis, 1973). The possibility 
that [VPP V12426 and V12429 may be con- 
specific cannot be ruled out at the moment. 

As for the M1 in IVPP V12428 (fig. 15G), 
it is larger and more robust than those of all 
species of Amphicynodon that have _ pre- 
served upper teeth (e.g., A. velaunus, A. lep- 
torhynchus, and A. teilhardi). Furthermore, 
its parastyle area is also better developed 
than those of all known species of Amphi- 
cynodon. In that sense, [VPP V 12428 is clos- 
er to Amphicticeps dorog than to Amphicy- 
nodon. The locations of the M2 roots also 
indicate an M2 equivalent in size to that of 
A. dorog. Beside such tentative observations, 
however, a more definite judgment will have 
to await further discovery. 


PHYLOGENETIC ANALYSIS 


CONCEPTS OF MAJOR CLADES AND 
SELECTIONS OF BASAL TAXA 


Our phylogenetic analysis of the Arctoidea 
stems from observations that past studies of 
higher level relationships are often based on 
living taxa (crown groups) or those that be- 
long to terminal clades. While such an ap- 
proach has the benefit of completeness of in- 
formation (morphological as well as molec- 
ular) and taxonomic clarity (memberships of 
living taxa are rarely in doubt), with the ex- 
ception of a few “‘living fossils”? (such as 
African palm civet Nandinia), living taxa too 
often are far removed from the initial diver- 
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gence point where their respective clades 
originated, and possess many derived char- 
acters that tend to obscure true relationships. 
In Carnivora, a limited morphological rep- 
ertoire in which a clade can vary ensures that 
few morphological characters are truly 
unique. The result is an overwhelming num- 
ber of homoplasies that are difficult to dis- 
tinguish from true synapomorphies whenever 
the subjects have diverged from the point of 
origin for a sufficiently long time. 

A solution to such a problem seems to lie 
in the studies of basal members of major 
clades, where the addition of fossils can re- 
veal relationships previously obscure (Gau- 
thier et al., 1988). Close to the point of di- 
vergence, basal taxa did not undergo long pe- 
riods of differentiation as the terminal mem- 
bers did, and thus are far less affected by 
homoplasies and more likely to reveal the 
true morphotypical status of the clade. The 
disadvantage in such an approach, however, 
is that basal members are often small, gen- 
eralized forms that commonly have poor fos- 
sil records, a problem that usually eases 
somewhat over time as fossil records im- 
prove. Such is the case in the basal arctoids 
as afforded by recent additions in Hsanda 
Gol materials. However, even where the fos- 
sil records are becoming adequate, it is im- 
perative to ascertain the memberships of the 
basal forms in the major clades. It is there- 
fore a matter of considerable importance to 
make sure that our selections of basal taxa 
are truly representative of their clades, and 
the following discussion attempts to detail 
our concept of the basal taxa selected for 
analysis. Our classification scheme follows 
that by McKenna and Bell (1997). 

Cynoidea: The infraorder Cynoidea con- 
tains living and fossil relatives of foxes, 
wolves, and jackals in the family Canidae. 
Derived from the archaic, paraphyletic fam- 
ily Miacidae, Canidae is the first to arise 
among living families of Carnivora and tends 
to have the most conservative morphology. 
The basal canids are represented by excel- 
lently preserved materials from the late Eo- 
cene to early Oligocene of North America, 
and a common basal taxon, Hesperocyon, 
serves as an ideal outgroup for the present 
analysis both in terms of its primitive mor- 
phology and its closeness to the basal di- 
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chotomy of the Cynoidea and Arctoidea 
(Tedford, 1978; Wang, 1994; Wang and Ted- 
ford, 1994, 1996; Tedford et al., 1995). 

Arctoidea: The infraorder Arctoidea rep- 
resents the largest group of predators, with 
211 extinct and 56 living genera (McKenna 
and Bell, 1997). It includes living families of 
bears (Ursidae), seals, sea lions, and walrus 
(Phocoidea = Pinnipedia), red pandas (Ail- 
uridae), raccoons (Procyonidae), weasels, 
badgers, and otters (Mustelidae), as well as 
the extinct bear dogs (Amphicyonidae). Arc- 
toids feature an unsurpassed diversity of ter- 
restrial and aquatic adaptations and the wid- 
est extremes of dental specializations. Per- 
haps because of these extremes in morpho- 
logical and ecological variations, arctoid 
relationships have been highly controversial 
and consistent resolutions have proven elu- 
sive so far. Attempts at phylogenetic synthe- 
sis are usually confined to forms that are well 
defined enough within a clade, often leaving 
the critically important basal forms unattend- 
ed. We will include most early arctoid genera 
in our analysis (see below). 

Ursida (= Ursoidea): Within the infraor- 
der Arctoidea, parvorders Ursida and Mus- 
telida represent two first-order dichotomous 
clades. Ursida includes the living Ursidae 
and the aquatic Phocoidea (= Pinnipedia), as 
well as the extinct bear-dogs (Amphicyoni- 
dae). The early Oligocene Amphicynodon is 
probably one of the most primitive members 
of Ursida known, and it plays a critical role 
in anchoring the Ursida clade. A North 
American group of basal Ursida includes the 
genera Parictis, Subparictis, and Nothocyon 
from the Chadronian to early Arikareean 
(late Eocene to late Oligocene; Clark and 
Guensburg, 1972; Wang and Tedford, 1992; 
Baskin and Tedford, 1996). Placed in a small 
clade of its own, Subparictidae (Baskin and 
Tedford, 1996) is still too poorly known to 
be included in this analysis. 

Ursidae: Living members of the ursids are 
morphologically well defined by their hypo- 
carnivorous dentitions. Fossil ursids, how- 
ever, include some rather hypercarnivorous 
taxa but have never achieved the extreme hy- 
percarnivory seen in mustelids (Hunt, 
1998c). The mesocarnivorous Cephalogale is 
widely regarded as the most primitive ursid 
(e.g., Beaumont, 1965; Bonis, 1973; Gins- 
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burg and Morales, 1995; Hunt, 1998c) and is 
ideally suited as a representative basal taxon 
for the family. Even among its primitive spe- 
cies, such as C. minor from the French Quer- 
cy phosphate fissures, such ursid synapo- 
morphies as posteriorly oriented M2 postpro- 
tocrista, elongated m2, and reduction of pre- 
molars are already recognizable. 

Phocoidea (= Pinnipedia): Extreme 
aquatic adaptations in the pinnipeds tend to 
obscure the primitive conditions of ancestral 
forms. Nowhere is this more apparent than 
in the secondarily undifferentiated teeth of 
living pinnipeds, which bear practically no 
resemblance to those of terrestrial arctoids. It 
is not surprising that pinniped relationships 
have been the most controversial among arc- 
toids. Controversies still exist regarding the 
monophyletic versus diphyletic origins of the 
pinnipeds (e.g., Mitchell and Tedford, 1973; 
Tedford, 1976; Wiig, 1983; Wyss, 1987, 
1988; Berta and Wyss, 1994; Flynn and Ned- 
bal, 1998; Berta and Adam, 2001) or whether 
pinnipeds arose from ursoids or musteloids 
(e.g., Wolsan, 1993; Hunt and Barnes, 1994). 
For the present analysis, we assume the ter- 
restrial Pachycynodon and its sister taxon Al- 
locyon to be stem groups in the pinniped 
clade (Tedford et al., 1994), although the 
aquatic Potamotherium has been argued to 
play a role in the origin of the pinnipeds 
(e.g., Tedford, 1976; Wolsan, 1993) or not 
(Wyss, 1991). We also include Potamother- 
ium in this analysis. 

Amphicyonidae: Traditionally thought to 
be closely related to canids, mostly due to 
their conservative dental morphology (e.g., 
Matthew, 1924; Kuss, 1965), amphicyonids 
(bear-dogs) have a rather arctoid basicranium 
(Hough, 1948; Hunt, 1974, 1977, 1996a, 
1998a). More specifically, many amphicyon- 
ids share with ursids a greatly enlarged in- 
ferior petrosal sinus that houses a double- 
looped internal carotid artery, presumably a 
counter current exchange mechanism for the 
cooling of the brain. It has become increas- 
ingly accepted that amphicyonids are arc- 
toids and may be closely related to the ursids 
(Flynn et al., 1988; Viranta, 1996; Ginsburg, 
1999). The most primitive amphicyonids ap- 
pear to be the late Eocene Daphoenus of 
North America and Cynodictis of Europe; 
both gave rise to later clades in their respec- 
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tive continents (Kotsakis, 1980; Hunt, 1996a, 
1998a, 2001). Unfortunately, the basicranial 
systems of these basal forms have not been 
studied adequately, and we exclude them 
from our analysis. 

Mustelida (= Musteloidea): Outside the 
clades represented by Mustelidae and Pro- 
cyonidae lie the basal musteloids, which, 
lacking all or parts of the derived features, 
do not fit neatly in any particular pattern and 
presumably occupy a place in a basal bush 
(Wolsan, 1993). This loosely defined muste- 
loid stem group includes the archaic Am- 
Phictis, Mustelictis, Bavarictis, Stromeriella, 
and Plesictis from the Oligo—Miocene of Eu- 
rope, in addition to some less well known 
taxa. Recent attempts to resolve relationships 
of these forms have met with limited success 
(Schmidt-Kittler, 1981; Cirot and Bonis, 
1993; Wolsan, 1993), because of the increas- 
ing realization that nearly all characters tra- 
ditionally thought to be consistent and reli- 
able are subject to homoplasies of greater or 
lesser degrees. In North America, a similar 
group of archaic musteloids occurs in the 
Arikareean through Barstovian time (late Ol- 
igocene to middle Miocene). Referred to here 
as the Oligobuninae (Baskin, 1998a), it in- 
cludes Promartes, Oligobunis, Aelurocyon, 
Megalictis, Zodiolestes, and Brachypsalis. 
Riggs (1945) proposed a linear transforma- 
tion series from the primitive Promartes, 
through the intermediate Oligobunis, to the 
hypercarnivorous Aelurocyon and Megalic- 
tis. Brachypsalis is derived in its own pecu- 
liar way (presence of a P4 parastyle, enlarged 
M2, broadened lower molars, etc.), and its 
relationship with respect to Riggs’ phyloge- 
netic framework is unclear. Zodiolestes, on 
the other hand, has a deeply excavated su- 
prameatal fossa and lacks a posterior crest on 
the mastoid process, and has been argued to 
be a procyonid (Hough, 1948; Schmidt- 
Kittler, 1981). 

Another part of the basal musteloid radi- 
ation leads to an aquatic form, Potamother- 
ium, in Eurasia and North America (Seman- 
torinae Orlov, 1933). Potamotherium (see 
Savage, 1957, for a detailed description) is 
sometimes cited as a primitive pinniped, and 
thus is a contentious taxon in the controversy 
on monophyletic/diphyletic origin(s) of the 
Phocoidea. While study of a sister-group re- 
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lationship (e.g., McLaren, 1960; Tedford, 
1976; Muizon, 1982; Wolsan, 1993) or lack 
of it (e.g., Wyss, 1991) between Potamoth- 
erium and phocid pinnipeds is out of the 
scope of this paper, recent morphological and 
molecular studies seem mostly in favor of a 
monophyletic Pinnipedia with an ursoid ori- 
gin (see Berta and Wyss, 1994, for a recent 
summary), and Potamotherium may thus be 
decoupled from discussions about pinniped 
phylogeny (Wyss, 1991), that is, aquatic ad- 
aptations in Potamotherium are hypothesized 
to be derived independently (but see Wolsan, 
1993, for an alternative argument). 

A very primitive musteloid, Mustelavus, 
from the late Eocene (Chadronian) to early 
Oligocene (Orellan) of North America, ap- 
parently occupies the most basal position in 
the Mustelida (see Baskin and Tedford, 
1996). Although the original holotype skull 
was crushed, contributing to its relative ob- 
scurity since its original description, a new, 
undescribed skull is available in the AMNH 
collection that supplies important informa- 
tion in the present analysis. As shown in our 
phylogeny, Mustelavus occupies the most 
basal position of all Mustelida, and helps to 
establish its morphotypic status for the entire 
Mustelida clade. 

Ailuridae: The highly derived and enig- 
matic Asiatic red (lesser) panda, Ailurus (and 
closely related Parailurus), and the related 
hypercarnivorous Simocyon form a small 
clade of their own, and their controversial 
phylogenetic position (e.g., Ginsburg, 1982; 
Wang, 1997) is increasingly pushed toward 
the base of the Arctoidea in recent studies of 
molecular phylogenies (Vrana et al., 1994; 
Flynn et al., 2000). Unfortunately, fossil re- 
cords for Ailuridae are extremely rare and 
recent, with the exception of some dental 
fragments suggestive of red panda in the 
middle Miocene of Europe (Ginsburg et al., 
2001), the earliest being the single tooth of 
Pristinailurus from the late Miocene or Pli- 
ocene of North America (Wallace and Wang, 
2004) leaving a long gap of possibly ~30 
My in the fossil record. We have no choice 
but to use the living genus Ai/urus in the pre- 
sent analysis. However, its highly hypocar- 
nivorous dentition is obviously far removed 
from the morphotypical condition of the ail- 
urid clade. The Ailuridae is the only instance 
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in our analysis in which a basal taxon is not 
available, and our result cannot be complete- 
ly free of the influence of homoplasies. Its 
sister group Simocyoninae has somewhat 
better fossil records, which go back to Alo- 
pecocyon in the middle Miocene of Eurasia 
(Viret, 1951; Ginsburg, 1961; Wang et al., 
1998). Alopecocyon is mostly known by 
fragmentary materials. We thus use the ter- 
minal genus Simocyon, which is relatively 
better known (Wang, 1997). 

Procyonidae: Although presently confined 
to North and South America, procyonids 
probably originated in the Old World (Bas- 
kin, 1982, 1989, 1998b; Wolsan, 1993). Liv- 
ing and most fossil procyonids can be diag- 
nosed by an elongated m2 talonid and a mod- 
est suprameatal fossa (e.g., Schmidt-Kittler, 
1981; Baskin, 1982, 1989, 1998b; Flynn et 
al., 1988; Wyss and Flynn, 1993). The most 
primitive forms of this clade appear to be the 
late Oligocene to early Miocene European 
Pseudobassaris, Angustictis, and Broiliana 
(Wolsan, 1993). We use Broiliana as a mor- 
photypical synecdoche for the Procyonidae, 
which is agreed upon by recent workers (e.g., 
Baskin, 1982; Wolsan, 1993). 

Mustelidae: Living members of the family 
Mustelidae constitute the largest and most di- 
verse group of terrestrial arctoids. Most taxa 
can be diagnosed by a loss of a carnassial 
notch, ventrally enclosed suprameatal fossa, 
and loss of the M2 (e.g., Tedford, 1976; 
Schmidt-Kittler, 1981; Flynn et al., 1988; 
Bryant et al., 1993; Wyss and Flynn, 1993; 
Baskin, 1998a), although some homoplasies 
for these characters may have existed (Qiu 
and Schmidt-Kittler, 1982; Wolsan, 1993). 
The absence of the alisphenoid canal, shared 
by living members of mustelids and pro- 
cyonids, is sometimes cited as a synapomor- 
phy uniting the two families, although it may 
have been independently acquired (Wolsan, 
1993; Wang, 1997). We follow Wolsan 
(1993) and accept that European early Mio- 
cene Paragale and Plesiogale represent the 
most primitive mustelids (mustelines of Wol- 
san, 1993). These genera, along with a re- 
cently discovered Kinometaxia from China 
(Wang et al., 2004), are included in the anal- 
ysis. 

Mephitidae: The skunks are traditionally 
treated as a subfamily in the Mustelidae 
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(Schmidt-Kittler, 1981; Bryant et al., 1993; 
Wolsan, 1999), despite its apparently more 
primitive upper molars, bullar compositions, 
and brain morphology (Radinsky, 1973; 
Hunt, 1974; Wang and Qiu, 2004). Recent 
molecular studies (e.g., Ledje and Arnason, 
1996a, 1996b; Dragoo and Honeycutt, 1997; 
Flynn and Nedbal, 1998), however, have in- 
creasingly indicated a more basal position for 
the skunks in the Mustelida or even Arcto- 
idea, raising Mephitinae to family rank. Mor- 
phological studies, on the other hand, have 
not kept up with the apparent molecular ad- 
vancement. However, a middle Miocene ge- 
nus from Europe, Palaeomephitis, has been 
identified as the earliest mephitid (Wolsan, 
1999). Palaeomephitis features a highly au- 
tapomorphous dental morphology (e.g., 
Fraas, 1870; Wegner, 1913; Wolsan, 1999), 
which almost certainly rules out its being in 
a basal position of the family. Until a more 
appropriate stem group is identified, we ten- 
tatively leave the mephitids aside, pending 
further investigations. 


CHARACTER ANALYSIS 


Discrete morphological characters are cod- 
ed to compile a 22 taxa X 39 characters data 
matrix (table 8) for parsimony analysis. Most 
characters used in this study have been men- 
tioned by previous authors, although often in 
a different context and carrying different 
meanings. Our own contribution is mainly in 
the reexamination of the characters in a 
broader context, thus showing their relevance 
in the basal relationships of the arctoids. By 
necessity only cranial and dental characters, 
commonly the best preserved in fossil re- 
cords, are used in this analysis. See Appen- 
dix 1 for a list of character descriptions and 
their states that correspond to those in the 
data matrix. 


PARSIMONY ANALYSIS OF BASAL ARCTOIDS 


Using Miacis and Hesperocyon as out- 
groups, we performed a maximum parsimo- 
ny analysis on the 22 taxa X 39 characters 
data matrix compiled in the above Character 
Analysis using the computer program PAUP 
(Swofford, 1993). Searches using the 
‘‘Branch and Bound” option yielded 36 
shortest trees of 89 steps in length. A boot- 
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TABLE 8 
A 22 Taxa X 39 Characters Data Matrix Used in the PAUP Analysis? 

















1 

12345 67890 12345 
Miacis 00000 0?000 00000 
Hesperocyon 00000 0?000 01000 
Mustelavus 01000 22000 01000 
Amphictis 01001 0?000 02000 
Simocyon 01001 17001 02000 
Ailurus 01001 00100 22000 
Broiliana 00112 00000 12000 
Stromeriella 00111 01001 12000 
Mustelictis 00002 00000 02010 
Bavarictis 00001 00000 02000 
Pseudobassaris 00011 00000 02000 
Plesictis Telia? 00000 02000 
Promartes 01110 00000 01000 
Potamotherium 01110 00001 11001 
Kinometaxia LEELS 22110 0110? 
Paragale OLid3 07010 0110? 
Plesiogale 01113 01010 0110? 
Amphicticeps 00001 07000 01001 
Amphicynodon 00000 07000 02000 
Cephalogale 00000 22001 02000 
Pachycynodon 01000 22001 12000 
Allocyon 01000 07001 12000 
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2 3 
67890 12345 67890 12345 6789 
00000 00000 00000 20000 0000 
00000 00000 00001 10001 LAl-0 
20000 01000 2?101 2100? eerie 
00031 01020 00001 21001 1?11 
31031 21021 11001 01101 1011 
30231 21221 11001 00001 1011 
30234; 21200 00001 22001 dest? 
00031 01000 2?001 2100? ete hae 
00100 01170 2?001 21001 124-1 
00100 011?? 20001 22001 1?1°? 
00100 0110? 00001 0?001 101? 
10110 01170 00001 22001 1?11 
10110 11100 00101 21001 1011 
10110 11100 00101 01011 1011 
2222? 1?10? 2?101 2100? ??11 
21120 11100 00101 2?01? ??11 
22120 111?? 2?101 2200? eg rl bal 
10010 10010 00101 21011 Led 4 
00000 00010 00011 21011 atecabal 
30030 20010 O?011 01111 1?11 
30000 2001? 20011 01111 1011 
30000 200720 200?1 01111 atic 














4 Character numbers correspond to those listed in appendix 1. 


strap analysis (fig. 16) shows relative support 
for individual nodes and a strict consensus of 
the 36 trees is shown in figure 17. Despite a 
relatively poor bootstrap support, many of 
the basal arctoids are well resolved in the 
consensus tree, except parts of the basal bush 
of the Mustelida, which have been difficult 
to resolve due to an unusually high diversity 
in the initial radiation of the Mustelida in the 
late Oligocene to early Miocene of Europe 
(see Wolsan, 1993). 

Most of the major clades in our phylogeny 
(fig. 17) are supported by one or two derived 
characters. Such a small number of synapo- 
morphies is not necessarily an indication of 
weak support for the respective clades. In- 
stead, this is a reflection of the morphologi- 
cal closeness of all basal taxa analyzed (with 
the exception of Adlurus). Such a morpho- 
logically closely spaced array of taxa natu- 
rally yields few characters. We would argue 
that our use of basal taxa closely approxi- 
mates the early divergence of arctoids and 
the strength of our phylogeny lies in the short 
morphological distance between taxa. Our 


phylogeny thus captures a sense of realism 
to reflect the early radiations, something that 
is not possible by studying terminal members 
of the clades. Such a sense of intimacy in 
observing early diversifications, as afforded 
by the richness of fossil record, is a strength 
of paleontology even in light of the increas- 
ingly large data set afforded to neontology. 

The following paragraphs are brief narra- 
tives to highlight salient features of our phy- 
logeny. As shown in the character optimi- 
zations in figure 17, the crown portion of the 
suborder Caniformia (Cynoidea + Arcto- 
idea) is well differentiated from the archaic 
““miacids’’ by several derived characters: 
presence of an ossified bulla, a medially po- 
sitioned internal carotid artery, reduction of 
M1 parastyle, and loss of M3. Infraorder Cy- 
noidea is also well supported by autapomor- 
phies that are unique to the canids, such as 
a type B bulla with enlarged caudal entotym- 
panic and a semi-septum within the bullar 
chamber (Hunt, 1974; Wang and Tedford, 
1994). 

Infraorder Arctoidea is supported by two 
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Miacis 
Hesperocyon 
Mustelavus 
Amphictis 
66 Simocyon 
841 Ailurus 


Stromeriella 


58 


63. Broiliana 

Mustelictis 

Bavarictis 

Pseudobassaris 
87 Plesictis 

Promartes 

Potamotherium 

64 Kinometaxia 


wi Paragale 


Plesiogale 

Amphicticeps 

Amphicynodon 
78 Cephalogale 


97 [— Pachycynodon 


86 Allocyon 

Fig. 16. Bootstrap analysis based on the data 
matrix in table 8. Numbers at the nodes indicate 
percent bootstrap support from heuristic search 
based on 100 replicates. Only groups with a fre- 
quency of greater than 50% are retained. 


synapomorphies: a reduction or loss of pos- 
terior accessory cusps on premolars and a 
widening of the basioccipital between the 
bullae. Traditional phylogenetic assessments 
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based on living taxa alone often list the loss 
of the alisphenoid canal and an elongated ex- 
ternal auditory meatus as key synapomor- 
phies for the arctoids (e.g., Flynn et al., 1988; 
Wyss and Flynn, 1993). These characters are 
almost certainly independently derived with- 
in various lineages of arctoids, when they are 
seen in the broader perspectives that include 
basal arctoids shown here. 

Within the arctoids, the commonly accept- 
ed Ursida—Mustelida dichotomy is also re- 
flected in our own phylogeny. The Mustelida 
includes all taxa that have lost the last lower 
molar (m3), as a commonly used synapo- 
morphy (e.g., Tedford, 1976; Schmidt-Kit- 
tler, 1981). This loss of the last lower molars, 
which happens numerous times in mammals, 
was justifiably suspected to be a weak char- 
acter (Schmidt-Kittler, 1981), and our dem- 
onstration in this study that Amphicticeps has 
independently lost its m3 adds further evi- 
dence of the homoplasticity of such a char- 
acter. Nonetheless, it remains as the only de- 
rived character uniting the Mustelida. The 
North American Mustelavus is at the base of 
the entire Mustelida, and appears to be a 
stem taxon outside the mustelid—procyonid— 
ailurid clade. 

European basal Mustelida are united by 
their possession of a small suprameatal fossa 
and reduced M1 parastyle, as demonstrated 
by Schmidt-Kittler (1981) and Wolsan 
(1993). A dichotomy between mustelids plus 
stem groups and procyonids plus stem 
groups (including ailurids) is supported by an 
enlarged m2 with an elongated talonid on the 
procyonid side, and a lingual notch in front 
of ml entoconid and loss of M1 postproto- 
crista on the mustelid side. Presence of a su- 
prameatal fossa has long been considered as 
a key synapomorphy for procyonids (Riggs, 
1942, 1945; Segall, 1943; Hough, 1944, 
1948), but this character has been further 
elaborated in the mustelids plus their stem 
groups to be the basis of a new phylogenetic 
scheme of the mustelids (Schmidt-Kittler, 
1981; Wolsan, 1993). Elsewhere, Wang et al. 
(2004) explored the basal mustelid relation- 
ships in greater detail than is afforded here, 
including additional stem taxa not analyzed 
here. 

Two derived characters help to push Am- 
Phicticeps toward the Ursida side: a dorso- 
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Fig. 17. Cladistic relationships of basal arctoids based on a strict consensus tree from 36 shortest 
trees (tree length = 89 steps) that were recovered from Branch and Bound method in the PAUP program 
(Swofford, 1993 version 3.1.1) on the 22 taxa X 39 characters data matrix (table 8). Character distri- 
butions are optimized using ClaDos program (version 1.2 by Kevin Nixon): solid bars are synapomor- 
phies and open bars are homoplastic characters (parallelisms and reversals); numbers above the branches 
are character numbers and those below the branches are character states. 
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ventrally compressed, laterally expanded par- 
occipital process and a long distance between 
the postorbital process and the postorbital 
constriction. Such characters are often ho- 
moplastic and, in the present case, are not 
enough to withstand the bootstrap analysis 
(fig. 16). The highly autapomorphic Amphic- 
ticeps does not easily conform to any exist- 
ing scheme of systematics, as shown by pre- 
vious controversies (see above), and the pre- 
sent placement within the Ursida is also 
somewhat tentative. In favor of this place- 
ment, however, is a laterally expanded mas- 
toid process in Amphicticeps, a character 
most prominently developed in the ursids 
and pinnipeds, but here treated as an auta- 
pomorphy by the parsimony program be- 
cause of a relatively small mastoid process 
in Amphicynodon. 

As recovered in the bootstrap analysis, un- 
doubted Ursida starts at Amphicynodon with 
its incipient development of a posteriorly ori- 
ented postprotocrista of M1 and a very re- 
duced parastyle, characters that are further 
elaborated in ursids. The position of Cephal- 
ogale as a basal ursid has been widely ac- 
cepted (e.g., Beaumont, 1965; Bonis, 1973; 
Ginsburg and Morales, 1995; Hunt, 1998c). 
Its sister relationship to the phocoids is sup- 
ported by a crestlike P4 protocone that is 
posteriorly positioned, enlarged M2, and en- 
larged mastoid process. These derived char- 
acters exclude Amphicynodon from being 
placed within the Ursidae—Phocoidea clade, 
and renders the Amphicynodontidae (Simp- 
son, 1945; Cirot and Bonis, 1992; Baskin 
and Tedford, 1996; Hunt, 1996b) a paraphy- 
letic group. 

Here, we assume that the Phocoidea is 
monophyletic, based on recent morphologi- 
cal and molecular studies (Wyss, 1987; Wyss 
and Flynn, 1993; Berta and Wyss, 1994; 
Vrana et al., 1994; Flynn and Nedbal, 1998). 
The basal phocoid Enaliarctos has been 
demonstrated to be more ursoid than muste- 
loid in its basicranium and dentition (Hunt 
and Barnes, 1994) and the terrestrial Pachy- 
cynodon and Allocyon are probably the clos- 
est stem taxa for the phocoids (Tedford et al., 
1994). Under our phylogenetic scheme, Po- 
tamotherium must have acquired its aquatic 
adaptations independently from the pho- 
coids. 
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RELATIONSHIPS WITHIN AMPHICTICEPS: Giv- 
en the limitation of the fragmentary materials 
in two of the three recognized species of Am- 
Dhicticeps, a comprehensive phylogenetic 
analysis using the full spectrum of cranial 
and basicranial characters listed above is not 
feasible. Instead, we tacitly assume that cra- 
nial and basicranial characters for A. dorog 
and A. makhchinus are similar to those of A. 
shackelfordi and that they mainly differ by 
dental morphology and size. Based on dental 
characters, relationships among species of 
Amphicticeps appear to fall in a linear pro- 
gression, starting from the small A. shackel- 
fordi, transitioning through the intermediate 
A. dorog, and ending in the large A. makh- 
chinus. 

Using Miacis and Hesperocyon as out- 
groups, character transformations within Am- 
phicticeps can be deduced to show the fol- 
lowing trends. A basal status for A. shack- 
elfordi is indicated by such primitive char- 
acters as relatively less robust dentitions, 
small but high-crowned P4 protocone, large 
M1 parastyle, and the presence of an m3 in 
some individuals. A. shackelfordi may have 
one autapomorphy of its own: a reduced and 
lingually shifted M2, a condition that paral- 
lels that in the basal musteloid Potamother- 
ium. 

Amphicticeps dorog is obviously more de- 
rived than A. shackelfordi in the following 
characters: larger size and more robust den- 
titions and jaws, a more crestlike P4 proto- 
cone that is relatively lower crowned, a 
slightly more distinct P4 anterior cingulum, 
a reduced M1 parastyle (and consequently a 
larger angle between the labial borders of the 
P4 and M1), and the loss of an m3. A. dorog 
also has a larger and more labially positioned 
M2. 

Amphicticeps makhchinus is apparently 
the most derived species of the genus. Com- 
pared to A. shackelfordi and A. dorog, A. 
makhchinus is the largest in size, has the 
broadest P3, possesses the lowest and most 
enlarged P4 protocone crest, and features the 
most reduced M1 parastyle, the largest M1 
metaconule, and the greatest expansion of 
M1 lingual cingulum. A. makhchinus also 
hints at a relatively large and labially posi- 
tioned M2. Most of the above derived char- 
acters in A. makhchinus suggest a modest 
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tendency toward hypocarnivory, paralleling 
some dental characters of the ursids. 


ZOOGEOGRAPHIC COMMENTS 


The theater of evolution for early arctoids 
centers around the northern continents (Hol- 
arctic region), at a time when southern con- 
tinents are wholly or partially isolated from 
the northern continents. On the caniform side 
of the Carnivora, the archaic and paraphylet- 
ic family Miacidae, from which arctoids are 
presumably derived, was present in all three 
northern continents: Europe, Asia, and North 
America (Hunt, 1996b; McKenna and Bell, 
1997). First to arise from the miacids is the 
Cynoidea (including family Canidae) from 
the Bridgerian and Uintan (middle Eocene) 
in the form of ‘“‘Miacis”’ sylvestris and “‘Mia- 
cis” gracilis of North America (Wang and 
Tedford, 1994) followed by the true canids 
Prohesperocyon and Hesperocyon in the Du- 
chesnean and Chadronian (late Eocene; 
Wang, 1994). The rest of canid history was 
mostly played in the North American conti- 
nent until late Miocene, when some members 
finally crossed the Bering Strait to enter into 
Eurasia (Crusafont-Pair6, 1950), and later in 
the Pliocene, when canids crossed the Pana- 
manian Isthmus to arrive in South America 
(Berta, 1987, 1988). 

The case for the origin of arctoids is less 
clear. Almost all major clades of the arctoids 
(except pinnipeds) have their basal members 
first appearing in Europe, such as Cynodictis 
for basal amphicyonids, Cephalogale for 
basal ursids, Broiliana (and other genera) for 
basal procyonids, and Plesiogale (and others) 
for basal mustelids. However, North America 
also has several basal arctoids that may pre- 
date the European counterparts. On the Mus- 
telida side, Mustelavus occupies the most 
basal position in the musteloids. Its first ap- 
pearance in the Chadronian is probably ear- 
lier than most of the Quercy musteloids. On 
the Ursida side, the North American subpar- 
ictines are comparable to European amphi- 
cynodontines in their stage of evolution, and 
their occurrence in the Chadronian may also 
predate the European counterparts (many of 
the classic Quercy fissure collections from 
France cannot be dated precisely and gener- 
ally range from late Eocene to Oligocene). 
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As for the more basal amphicyonids, North 
American Daphoenus is similar in stage of 
evolution to the European Cynodictis, and 
both of them first appear in the late Eocene 
(Hunt, 1996a, 1998a). Although some au- 
thors are inclined to treat the above North 
American basal arctoids as occasional im- 
migrants from Eurasia (e.g., Hunt, 1996b), 
given that the North American forms are ei- 
ther more primitive and/or earlier in occur- 
rence, a North American origin of the Arc- 
toidea seems an equally likely scenario. In 
favor of such an argument is the sister rela- 
tionship between cynoids and arctoids, and 
the former is undoubtedly North American 
in origin. 

The three species of Amphicticeps appar- 
ently form an endemic clade confined to cen- 
tral Asia. Their zoogeographic origin is cur- 
rently unknown. Amphicynodon has a much 
higher diversity in Europe than in Asia, and 
phylogenetically the Asian A. teilhardi seems 
to be nested within the European congeneric 
species, indicating an eastward dispersal for 
this group and linking the European “‘Grande 
Coupure”’ and the Asian ‘“‘Mongolian Recon- 
struction”? events as land connection began 
to form between Asia and Europe in the early 
Oligocene (Meng and McKenna, 1998). 
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APPENDIX 1 


CHARACTERS SCORED IN THE CHARACTER MATRIX 


(TABLE 8) FOR PAUP ANALYSIS 


Most of these characters have been discussed 
and illustrated previously (e.g., Hunt, 1974; Wol- 
san, 1993; Wang and Tedford, 1994), although we 
may code them differently. 
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10. 
ie 


12. 


13. 


14. 


15. 


16. 


17. 


Temporal crest: 0, converge to sagittal 
crest; 1, parallel without a merged sagittal 
crest. 


. Posterior border of palatine: 0, short and 


anterior to posterior border of last upper 
molars; 1, elongated and posterior to pos- 
terior border of last upper molars. 


. Alisphenoid canal: 0, present; 1, absent. 
. Posterior carotid foramen: 0, within fossa 


for posterior lacerate foramen; 1, anterior 
to the fossa. 


. Suprameatal fossa: 0, absent or a mere 


depression on squamosal; 1, small; 2, dor- 
sally deep; 3, partially covered anteriorly. 


. Epitympanic recess: 0, not reduced; 1, re- 


duced. 


. Postlateral sulcus of brain: 0, absent; 1, 


present. 


. P1: 0, present; 1, absent. 
. Carnassial notch on P4: 0, present; 1, ab- 


sent. 

P4 protocone: 0, conical; 1, crescent. 

P4 lingual cingulum: 0, absent or small; 
1, enlarged; 2 enlarged to form a hypocone. 
M1 parastyle: 0, large; 1, reduced. 

M1 anterior and posterior borders: 0, 
not parallel anterior and posterior borders; 
1, parallel anterior and posterior borders. 
M1 anterior and posterior cingula: 0, 
continuous; 1, discontinuous. 

M2 position relative to M1: 0, buccal; 1, 
lingual. 

M2 size: O, three-rooted and small; 1, re- 
duced; 2, absent; 3, enlarged. 

Metaconid on m1: 0, equal or higher than 
paraconid; 1, lower than paraconid; 2, ab- 
sent. 


Wyss, A.R., and J.J. Flynn. 1993. A phylogenetic 
analysis and definition of the Carnivora. In ES. 
Szalay, M.J. Novacek, and M.C. McKenna (ed- 
itors), Mammal phylogeny: placentals: 32-52. 
New York: Springer. 
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19. 


20. 
Zl. 
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DS. 


24. 


ZS 


26. 


27. 


28. 


29. 


30. 


a1. 


Swe 


33. 


34. 


33: 


36. 


ST. 


38. 
bee 


Entoconid on m1: 0, poorly developed; 1, 
presence of a lingual notch; 2, cuspidate. 
Size of m2: 0, not enlarged or reduced; 1, 
reduced; 2, lost; 3, enlarged. 

Talonid of m2: 0, short; 1, elongated. 
Mastoid process: 0, small; 1, laterally ex- 
panded; 2, ventrally expanded. 

Reduction of m3: 0, m3 not reduced; 1, 
m3 reduced or absent. 

M1 postprotocrista: 0, present; 1, absent; 
2, enlarged metaconule. 

Paroccipital process: 0, rodlike; 1, dor- 
soventrally compressed; 2, laterally com- 
pressed. 

Ascending ramus: 0, reclined; 1, anteri- 
orly inclined. 

Zygomatic arch: 0, horizontally flat; 1, 
dorsally arched. 

Posterior promontorium process: 0, ab- 
sent, 1, present. 

M1 anteroposterior length: 0, not short- 
ened; 1, shortened. 

M1-2 postprotocrista: 0, laterally orient- 
ed; 1, posteriorly oriented. 

Bullar ossification: 0, unossified; 1, ossi- 
fied bony bulla. 

Bullar composition of Hunt (1974): 0, 
type A; 2, type B. 

Premolar accessary cusps: 0, well devel- 
oped; 1, absent or poorly developed. 

P4 protocone: 0, anterorly positioned; 1, 
posteriorly positioned. 

Posterior orbital constriction: 0, short; 1, 
long. 

Position of internal carotid artery: 0, 
transpromontorial; 1, medial. 

Petrosal: 0, isolated from basioccipital and 
basisphenoid; 1, medially expanded to fuse 
with basioccipital and basisphenoid. 
Semi-septum of bulla: 0, absent; 1, pre- 
sent. 

M3: O, present; 1, absent. 

Basioccipital: 0, not broadened; 1, broad- 
ened between bullae. 
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